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ABSTRACT 
Meloidoqyne incognita causes morphological, anatomical, 
and physiological changes of the affected tissue in plants. 
These changes involve root galling, giant cell formation, and 
disruption in translocation of water and mineral nutrients. 
Meloidoqyne incognita penetrates the young roots, migrates 
intercellularly, and induces giant cells in the region of 
vascular differentiation. Undifferentiated phloem may be the 
initial target of infection. Vascular system in galled region 
may get disturbed due to giant cell formation and simultaneous, 
hypertrophic and hyperplastic reactions. Increase or decrease 
in population levels of M. incognita may affect plant growth 
as well as nematode development. Different varieties may 
respond differently to nematode infection. Increase or decre-
ase in nitrogen, phosphorus or potassium levels given to 
infected plants may influence plant growth^ nematode develop-
ment, and also root gall anatomy. 
The following work was divided into three sections. In 
the first section giant cell development, gall formation, and 
abnormal vascular tissue development were observed. In the 
second section effects of different inoculum levels on plant 
growth and root gall anatomy; and on plant growth, nenatode 
development, and root gall anatomy of Different vcirieties were 
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studied. In the third section effects of different levels of 
nitrogen, phosphorus and potassium on plant growth and root 
gall anatomy were studied. For this purpose Luff a cylindrica 
seeaiings were inoculated with freshly hatched juveniles of 
Meloidoqyne incognita. Galled roots collected at fixed 
intervals of time, were sectioned and examined under light 
microscope. Cellular hypertrophy was observed 24 h after 
inoculation, and discrete giant cells enclosing dense and gra-
nular cytoplasm were noticed after 48 h of inoculation. Size 
of the giant cell and number of nuclei increased upto-^bthTanc 
•_ <^\ ^ 
[9t|jr days of inoculation, respectively. Giant cell cytoplasm 
became vacuolated and number of nuclei declined considerably 
after 15 days of inoculation. Many giant cells became empty 
and transformed into vessel like elements after 30 days of 
inoculation. Meloidoqyne incognita caused to develop large 
sized galls on roots of Luffa cylindrica. The galls were 
formed as a result of giant cell formation, hypertrophic and 
hyperplastic reactions around the giant cells, and finally the 
nematode development. Increase in size of the giant cells, 
parenchyma cells, endodermal cells, and proliferation of vessel 
elements were observed upto 15th day of inoculation. Due to 
hyperplastic reactions number of parenchyma cells and pericycle 
layers increased. Nematode development, egg mass deposition, 
and secondary infection contributed in enlargement of the root 
galls after 15, 24 and 30 days of inoculation, respectively. 
[3] 
Abnormdl vessel elements arising from small parenchyma 
cell; from hypertrophied parenchyma cells; from empty giant 
cells were observed after 3, 9, and 15 days of inoculcttion, 
respectively. The giant cell formation was initiated in the 
region of undifferentiated phloem. All the giant cells were 
connected with the phloem strands through abnormal sieve tube 
elements. 
To study the effects of different inoculum levels of 
Meloidoqyne incognita on plant growth, the seedlings were 
inoculated with 10, 100, 1000 and 10,000 juveniles per plant. 
Lower inoculum levels (Pi 10 and 100 J^) did not show any 
significant change over control. Higher inoculum levels (Pi 
1,000 and 10,000 J^), however, exhibited significant reductions 
in plant growth. At higher inoculum levels number of galls 
per plant, size of the gall and number of mature females per 
plant were higher. Sizes of the giant cell and the mature 
females were smaller; and number of egg masses per plant and 
the number of eggs per egg mass were lower at higher than at 
lower inoculum levels. With increase in inoculum levels, 
infection sites increased. At higher inoculum levels, abnormal 
xylem production enhanced. 
To compare the effects of Meloidoqyne incognita on 
different varieties of Luffa. five varieties, viz., Faizabadi, 
N.S.C., Ghiya, Chikni and Aligarh local were selected. Growth 
of Faizabadi remained unaffected upto Pi 1,000 J^ , however, at 
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Pi 10,000 J2 plant growth was significantly suppressed. The 
varieties N.S.C., Ghiya, and Chikni exhibited significant 
reductions in plant growth at Pi 1,000 and Pi 10,000 J2. 
Ghiya, however, showed a significant increase in plant growth 
at Pi 100 J2. Aligarh local was adversely affected at all the 
inoculum levels except at Pi 10 J2. Poor root galling in 
Faizabadi, medium in N.S.C., Ghiya and Chikni, and high in 
Aligarh local were encountered. In root galls of Faizabadi, 
giant cells and the mature females were smaller. The nematode 
developed rapidly on Aligarh local, normally on N.S.C., Ghiya 
and Chikni, and very slowly on Faizabadi. Abnormal vessel 
elements were in lesser amount in root galls of Faizabadi. 
To observe the effects of nitrogen, phosphorus and pota-
ssium on root-knot infection and plant growth, the plants 
inoculated with Meloidoqyne incognita and uninoculated plants 
were supplied with Different levels of nitrogen, phosphorus 
and potassium. Uninoculated plants grown at full nutrients 
served as control. 
In comparison to control, growth of uninoculated ana 
inoculated plants suppressed at -N and 1/2N levels anu shoot 
growth enhanced at 2N level. Inoculated plants exhibited 
retarded growth when compared with uninoculated plants at 
various nitrogen levels. N, P, and K contents of roots of 
inoculated plants increased and of stems and leaves oecreased, 
[5] 
when compared with those of uninoculated plants grown at 
respective nitrogen levels. Chlorophyll contents were lower 
in leaves of inoculated than of uninoculated plants. Root 
gall, giant cell and mature female sizes decreased at -N and 
I/2N levels than at IN and 2N levels. Egg mass production was 
also affected at -N and l/2N levels. Slow nematode develop-
ment; less dense and highly vacuolated giant cell cytoplasm; 
smaller and fewer nuclei and uncleoli; thin walled vessel 
elements, and longer sieve tube elements were common features 
at -N level. 
Length and weights of roots and shoots of inoculated 
plants in comparison to control, reduced at all the phosphorus 
levels. Root weights of inoculated plants increased, and 
stem and leaf weights decreased when compared with weights of 
uninoculated plants at respective P levels. Uninoculated 
plants exhibited a reduction in root weights at -P and 2P 
levels. N, P, and K contents of inoculated plants were higher 
in roots and lower in stems and leaves. Chlorophyll contents 
of leaves of inoculated plants reduced. Sizes of the gall, 
giant cell and mature females reduced; number of egg masses 
per plant and number of eggs per egg mass decreased at -P 
level, whereas at other levels significant differences were 
not observed. Slow nematode development, vacuolation in giant 
cell cytoplasm; smaller and fewer nuclei and uncleoli in giant 
cells were noticed at -P level. In phloem region, at this 
[6] 
level, parenchyma was associated with wide intercellular 
spaces. The vessel elements were thin walled. 
At -K and 1/2K levels plant growth of both uninoculated 
and inoculated plants was adversely affected. Retarded plant 
growth was observed among inoculated than uninoculated plants. 
N, P and K contents in roots of inoculated plants were higher 
and whereas stems and leaves were lower, v^ hen compared with 
those of uninoculated plants at respective K levels. Chloro-
phyll contents also decreased in leaves of inoculated plants. 
Root gall, mature female and giant cell sizes; number of egg 
masses per plant and number of eggs per egg mass were suppre-
ssed at -K and 1/2K levels. Mature females were having no 
egg masses at -K level. The giant cell cytoplasm contained 
highly vacuolated cytoplasm. Vessel elements were thin walled 
and sieve tube elements were shorter; and parenchyma was 
abundant in phloem region at -K level. 
HISTOPATHOLOGICAL STUDIES ON 
ROOTS OF LUFF A CYLINDRICA INFECTED 
WITH MELOIDOGYNE INCOGNITA 
Bottor of $I|ilosiop))p 
HISAMUDDIN 
<*/ 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1992 
X v ^ ^ ^ ' ^ 
f -^^ 
ACC"No. 
T4357 
1 ^ 
. » 
- ^ ^ ^ 1 
ZIAUDDIN A. SIDDIQUI 
M. Sc , Ph. D. (Alig.) 
Section of Plant Pathology and Nematology 
Departmont of Botany 
Phone :0571-25676 
ALIGARH MUSLIM UNIVERSITY, ALIGARH-202 002, INDIA 
CERTIFICATE 
Certified that the work.embodied in this thesis 
entitled 'Histopathologicai studies on roots of 
Lui fu cylindrica infected with Meloidoqyne 
incognita' is the bonafide work carried out by 
Mr. Hisamuddin under my supervision and is 
suitable for submission for the Ph.D. Degree of 
Aligarh Muslim University, Aligarh. 
.•7 < 
DATE 6.6.1992 ( ZIALDDIN A. SIDDIQUI) 
ACKNOWLEDGEMENT 
I express my sincerest gratitude to Doctor Ziauddin 
Ahmed Siddiqui, Ph.D., Department of Botany, Aligarh Muslim 
University, Aligarh, who inspired me to initiate the 
research work in the field of Plant Nematology especially 
Histopathology. I am highly indebted to hiVn for his keen 
interest, constant encouranp^ment and overall suorrvision 
during the preparation of this manuscript. 
Thanks are also due to Professor M. Wajid Khan, for 
his constructive criticism and valuable suggestions and for 
sparing his precious time for going through this manuscript 
critically. Further, I am grateful to Professor A.K.W. Ghouse, 
Chairman, Department of Botany, for providing litrary cind 
laboratory facilities. Financial assistance from U.G.C. as 
J.R.F. and S.R.F. is also thankfully acknowledged. 
And lastly, I should not forget my colleagues and 
friends Mr. A.A. Hashmi, Dr. M.J. Pasha, Dr. Kalimullah 
and Mr. Tarique Husain who helped me during this period. 
- / I -o^^^.'w, JSr>A-v 
HISAMUDDIN 
C 0 N T E N T S 
PAGE NO. 
Introduction 
Literature Review 
SECTION I 
Experiment 1 
Experiment 2 
Experiment 3 
SECTION II 
Experiment 1 
Experiment 2 
SECTION III 
Experiment 1 
Tables 
Photographs [l-74] 
Summary 
References 
1 - 10 
11 - 30 
31 - 76 
31 - 50 
51 - 58 
59 - 76 
77 - 104 
77 - 94 
95 - 104 
105 - 154 
105 - 154 
155 - 170 
171 - 184 
185 - 201 
1 
IN THE NAME OF ALLAH THE MOST BENEFICIENT AND MERCIFUL 
INTRODUCTION 
Plant-parasitic nematodes cause morphological and 
physiological changes of the affected tissues in plants. 
These changes involve damage or death of the cells by removal 
of their contents, or the host cells adapt to nematodes by 
enlarging and increasing their metabolic activities, or the 
cells undergo growth and multiplication. These effects of 
nematode parasitism of plants have been termed as destructive, 
adaptive and neoplastic, respectively (Dropkin, 1980). Deve-
lopment of galls induced by some nematodes especially root-
knot nematodes (Meloidoavne species) results from neoplastic 
changes. Root-knot nematodes are endoparasites. The female 
nematodes remain wholly embedded in the roots of the host 
plant. They show distinct sexual dimorphism. 
Second-stage juveniles penetrate roots at or near the root 
tip. The movement of juveniles within the roots is primarily 
intercellular (Endo and Wergin, 1973). Infection with root-
knot nematode stimulates the formation of variable number of 
discrete giant cells (usually about 6, but reported to vary 
from 2 to 14) in host tissue. Hyperplastied and hypertrophied 
tissues often surround the region of infection and galls 
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are formed terminally or subterminally on the infected roots. 
The term giant cell refers to the multinucleate transfer cells 
usually induced by root-knot nematodes in which the multi-
nuclear condition of each giant cell results from repeated 
mitoses without cytokinesis (Endo, 1987). 
Nemec (1910) noted that the cells in the plerome close to 
the nematode head immediately commence to enlarge, their plasma 
contents increase and their nuclei divide without formation of 
separating walls. Kostoff and Kendall (1930) observed multi-
nucleate cells formed by nuclear division without accompanying 
cell division in early stages of root-knot nematode invasion on 
the roots of Nicotiana. But they beleived that giant cells were 
formed by dissolution of cell walls followed by coalescence of 
cell contents. Christie (1936) observed progressive dissolution 
of cell walls followed by coalescence of their protoplasms 
during expansion of the giant cell in tomato roots. 
Huang and Maggenti (1969a) in their detailed study on 
giant cell development in Vicia faba roots found no evidence of 
cell wall dissolution or break-down. They noted that multi-
nucleate condition of giant cells arose from repeated mitoses 
without cytokinesis of a single diploid cell. Jones and Payne 
(1978) provided support for the concept of single-cell induction 
through a study on early stages of giant cell formation in 
balsam roots induced by tvieloidoqvne Incognita (Kofoid 
and White) Chitwood. They found no evidence of cell wall break-
down and dissolution in the stimulated cell and concluded that 
the giant cell originated from a single cell and the cell wall 
intrusions reported along the giant cell wall were not wall 
fragments but infolded walls of the giant cell. 
The number of nuclei within the developing giant cell 
could be correlatedwith the number of host cells that would 
normally occupy the volume of the syncytium (Owens and Specht, 
1964). Huang and Maggenti (1969a) suggested that chromosome 
count can be predicted in a giant cell. While studying giant 
cells in roots of Vicia taba infected with Meloidogyne i avanica 
(Treub) Chitwood, they proposed an equation : N = 2 x 12, 
where N represents total number of metaphase chromosomes, d the 
number of mitotic cycles, and 12 the diploid chromosome number 
of the host plant. 
In giant cells nuclear changes range from a nucleus 
having a hypertrophied nucleolus to nuclei with various stages 
of membrane deterioration and a lobulated periphery. Other 
nuclear ^aberrations include nucleolar fragmentation so that 
small granules, stained like nucleoli remain scattered through-
out the nucleus. Irregularly shaped, dumbbell or sickle shaped 
nuclei have been reported by many workers (Krusberg and Nielsen, 
1958; Owens and Specht 1964; Rubinstein and Owens, 1964; Huang 
and Maggenti, 1969a). Nuclear enlargement results from swe-
lling and in some cases from nuclear fusion where some of the 
nuclei attain a diameter of 35 ^ im as compared to the normal 
cell nucleus of 6 urn. The nuclear volume may increase to 10 -
12 times in tomato roots infected with root-knot nematodes 
(Rubinstein and Owens, 1964). Siddiqui and Taylor (1970) 
observed one or more vacuoles in the hypertrophied or fragmented 
nucleoli. 
The cytoplasm of the young giant cells (within 48 h) 
becomes dense and encloses a large vacuole. The vacuole dimi-
nishes and the cytoplasm becomes more dense as well as granular 
with the giant cell development. Christie (1936) found more 
dense and hyperchromatic cytoplasm near the head region of the 
nematode than remainder of the giant cell cytoplasm. As the 
nematode matures and nutrient demand from the giant cells 
increases, the giant cell cytoplasm shows signs of intense meta-
bolic activity. Nuclei become highly lobed and heterochromatic 
with prominent and numerous nuclear pores. The cytoplasm 
becomes vacuolated and vacuolation increases when nematode 
reaches its maturity. The giant cell cytoplasm is disintegrated 
after egg laying of the nematode. The cytoplasm finally becomes 
extracted as the giant cells senesce leaving a little or no 
ground cytoplasm. 
Galling is one of the earliest host responses of root-knot 
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nematode infection in the roots of the host plant. Christie 
(1936) reported that the nematode stimulated the cells of peri-
cycle to divide which resulted in a layer of small cell paren-
chyma. While working with Meloidoqyne incognita. Meloidoqyne 
incognita acrita and Meloidogyne hapla Chitwood on Gardenia. 
Davis and Jenkins (i960) found cortical and stelar prolifera-
tion in all infections. Meloidoqyne javanica infection on 
soybean roots caused hypertrophy, hyperplasia and giant cell 
formation in the tissue surrounding the nematode head and conse-
quently led to gall formation (Ibrahim and Massoud, 1974). 
According to Siddiqui and Taylor (1970) gall formation is attri-
butable to hypertrophy of the cortical cells, xylem parenchyma 
and metaxylem, hyperplasia of pericycle and xylem parenchyma, 
formation of giant cells, nematode development and egg mass 
production. 
Xylem and phloem tissues become abnormal with reference to 
structure and orientation. Because of abnormalities, the trans-
location of water and mineral nutrients from the root towards 
the shoot, and of photosynthates towards roots, is disrupted. 
Formation of giant cells, proliferation of parenchyma cells and 
multiplication of pericycle and the cells around the nematoae 
head causes the conducting xylem to scatter from its normal 
path. Vessel elements are also hypertrophied and become irre-
gular in shape. Small as well as hypertrophied parenchyma cells 
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are transformed into vessel like elements and constitute the 
abnormal xylem. Production of enormous amount of abnormal 
xylem elements is thought to carry water and nutrients in 
greater amounts to compensate the loss caused by root-knot 
nematode infection (Pasha ejt a2»» 1987). 
Wallace (1971) found that when initial population level of 
root-knot nematode was low, the plant growth was stimulated, 
but when the population level was high, the plant growth and 
the yield were suppressed. At higher population levels when 
there was a competition for a limited food supply and the space, 
the size of the mature female was reduced. Triantaphyllou 
(i960) found that percentage of males tended to increase in the 
total population as tne population density of the nematode 
increased. The above-ground symptoms on the plants of heavily 
infected roots include stunting, loss of yield, reduction in 
quality of produce, severe deficiency symptoms of some elements, 
particularly nitrogen, incipient wilting during hot periods of 
the day, and even loss of resistance to foliage diseases and 
vascular wilts and to certain other pathogens (Jenkins and 
Taylor, 1967). Plants infected with root-knot nematodes often 
display potassium deficiency symptoms. Application of high 
aose of potassium results in improved top growth of plants and 
improved nematode reproduction (Dropkin, 1980). The host 
nutrition generally affects the severity of the disease and 
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growth of the parasite, but not in the same way in all host-
parasite combinations. 
Attractiveness of Meloidoqyne species juveniles was 
observed toward the root and excised shoot tissues of several 
host plants (Linford, 1939). The juveniles of Meloidoqyne 
hapla were equally attracted toward the resistant and the 
susceptible alfalfa seedlings when an egg mass was placed mid-
way between germinating seedlings (Griffin and Waite, 1971). 
In resistant varieties the juveniles of root-knot nematode 
either do not enter or if entered they do not develop properly 
(Sasser and Taylor, 1952). Resistance in plants toward root-
knot nematode may develop with age (Griffin and Himt, 1972). 
Absorption and translocation is perhaps markedly affected 
by Meloidoqyne infection as there are conflicting reports about 
accumulation or deficiency of N, P, and K in above-ground plant 
parts. Hunter (1958) did not find any alteration in N, P, and 
K contents in leaves although shoot growth was suppressed and 
foliage became chlorotic in M. incoqnlta infected tomato plants. 
Oteifa and Elgindi (1962) found an impaired translocation of 
32P in M. incognita infected tomato plants, increasing in roots 
and decreasing in shoots. Meloidogyne incognita infected lima 
bean plants showed decrease in mineral elements, but with 
increase in K contents in the nutrient medium, the mineral 
contents in the leaves increased (Oteifa, 1952). Khan (1969) 
found an increase in N, P and K contents in roots of okra 
infected with M. incognita. However, when K was in excess in 
nutrient medium, the infected plants exhibited an increase in 
K content in roots.stemsand leaves. 
When the plants are deficient in a single essential ele-
ment, they show deficiency symptoms on stems and leaves. The 
plants deficient in an essential element, if infected with 
M. incognita, show more pronounced symptoms. Rate of develop-
ment of the nematode is also influenced with increase or decrease 
in N, P and K concentrations in rooting medium of infected 
plants. Excess or deficiency of these elements may also influ-
ence egg production and giant cell size (Oteifa, 1951, Bird, 
1960, Bird, 1970). 
Luffa (Luffa cylindrica L.) is a climber grown throughout 
India for its smooth, cylindrical, tender fruits, which are 
used as vegetable. Apart from fungal and viral diseases, it 
is also attacked by root-knot nematodes resulting in relatively 
large sized galls. 
In response to root-knot nematode infection giant cells 
are formed which are supposed to be developed from undifferen-
tiated vascular tissue. After egg laying mature female dies 
and the giant cells collapse. Gall formation results due to 
hyperplastic and hypertrophic reactions in affected tissue. 
Due to these two reactions vascular strands become abnormal. 
Number of nematodes attacking a particular site may correspond 
to gall size. Gall size may also depend on the type of the host 
plant. Plant growth and nematode development are greatly 
influenced by altering N, P or K concentrations in the rooting 
medium. Their deficiency or excess may also aftect structure 
and function of vascular elements. 
The present studies were carried out : 
(i) to compare anatomical changes leading to the formation 
of giant cells and galls from earlier findings, 
(ii) to investigate the origin of qiant cells and their fate 
after death of the nematode, 
(iii) to find out any link of giant cells with phloem, 
(iv) to observe abnormalities in xylem and phloem, 
(v) to examine response of plant to different inoculum 
levels, 
(vi) to stuoy any resistance towards root-knot nematode 
infection in different varieties, and 
(vii^ to compare any effect of deficiency or excess of N, P, 
or K on plant growth; nematode development; N, P and K 
contents in leaves, stems and roots, separately; and 
anatomy of the galled tissues. 
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The experiments were performed to compare and confirm 
earlier reports and to provide some new information. For 
this purpose following experiments were conducted. 
SECTION I 
Experiment 1. Formation of giant cell in roots of Luffa 
cylindrica infected with Meloidoqyne incognita. 
Experiment 2. Histopathological changes in luffa roots 
leading to gall formation. 
Experiment 3. Abnormalities in vascular tissue as a result 
of root-knot nematode infection. 
SECTION II 
Experiment 1. The effect of different inoculum levels of 
Meloidoqyne incognita on Luffa cylindrica. 
Experiment 2. Histopathological responses of some varieties of 
Luffa cylindrica to Meloidoqyne incognita. 
SECTION III 
Experiment 1. The effect of deficiency or excess of nitrogen, 
phosphorous, and potassium on luff a,infected 
with root-knot nematode. 
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LITERATURE REVIEW 
Root-knot nematodes (Meloldoqyne species) are the most 
important and cosmopolitan endoparasites of vegetables. The 
root 'galls' or 'knots* were observed many centuries ago but 
were first reported on Cucumber in an English greenhouse by 
Berkley in 1855. The root-knot nematodes, cause severe growth 
retardation of plants and produce root galls. The above ground 
symptoms are similar to those associated with any root injury 
that result in reduced amounts of water available to plants. 
Infected plants show stunted growth with fewer, and smaller 
chlorotic leaves. During warm weather, incipient wilting occurs 
which is recovered as the temperature falls in the evening. 
Flowering is scanty and the fruits are either lacking or are of 
poor quality (Jenkins and Taylor, 1967). 
Meloidoqyne spp. are sedentary endoparasites which have 
evolved very specialized and complex relationships with their 
hosts. They have extensive host ranges, parasitising mono-
cotyledons, dicotyledons, and herbaceous and woody plants. Till 
now more than 2,000 different plant species have been listed in 
host index of Meloidoavne species (Webster, 1969, 1975; Taylor 
and Sasser 1978; Hussey, 1985). 
The life cycle of Meloidoavne starts when second-stage 
om 
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juveniles infect roots of susceptible plants. They penetrate 
the root tips CChristie, 1936). Linford (1939; found second-
stage juveniles concentrated at the region of cell elongation 
just behind the root cap. Primary root penetration by second-
stage juveniles occurred at the tips of young roots in the 
region of tissue differentiation in sweet potato (Krusberg and 
Nielsen, 1958). They observed entry of juveniles anywhere fr 
the root cap. back to the region of root hair formation, and als 
through the loose ruptured cells of enlarging tuberous roots. 
Siddiqui and Taylor (1970) found most juvenile penetration in 
the region of cell differentiation and elongation. When one of 
the juveniles punctures the cell wall and enters the root tissue, 
many juveniles follow it (Godfrey and Oliveira, 1932; Linford 
1942; Peacock, 1959; Siddiqui, 1971a, 1971b). 
After penetrating into the roots, juveniles migrate inter-
cellularly in the cortex to the region of cell differentiation 
(Nemec 1910; Godfrey and Oliveira, 1932; Linford, 1937, 1942; 
Endo and Wergin, 1973; Jones and Payne, 1978). During inter-
cellular migration the cells are separated along the middle 
lamella. The cells along the path of migration of juveniles 
become distended and compressed. The cells do not show any sign 
of rupture or nematode feeding. 
Inter-, and intracellular migration was reported by 
Christie (1936) and was supported by Krusberg and Nielsen (1958). 
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Roman (1961), Bird (1959, 1960, 1962), Siddiqui and Taylor 
(1970), and Siddiqui (1971a, 1971b). Roman (1961) observed 
galleries and burrows of broken and separated cells that indi-
cated intracellular penetration by juveniles. 
The terms syncytium and giant cell were used as synonyms 
till recent past. The terms were used interchangeably which 
referred to a multinuclear unit induced in the host by the 
nematode. But now the syncytium and giant cell have been 
characterised on the basis of their mode of formation. Syncy-
tium is characterized as a multinucleate transfer cell arising 
from extensive cell wall dissolution. The multinucleate state 
arises from the presence of preexisting nuclei of formerly 
intact host cells. Giant cell is a multinucleate transfer cell 
in which the multinuclear condition results from multiple mito-
ses in absence of cytokinesis. Giant cell formation is not 
accompained by wall dissolution. Giant cells are invariably 
formed by root-knot nematodes (Endo, 1987). 
Beille (1898) was the first who proposed that giant cells 
are formed by disintegration of cell walls and coalescence of 
the cells in Papava roots. Observation of cell wall frag-
ments in giant cell cytoplasm strengthened this view. Several 
studies supported this mode of giant cell formation (Kostoff an 
Kendall, 1930; Christie, 1936; Krusberg and Neilsen 1958; 
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Dropkin and Nelson, I960; Bird, 1961; Roman, 1961; Krusberg 
1963; Owens and Specht, 1964; Birchfield, 1965; Littrell, 1966; 
Siddiqui and Taylor, 1970; Siddiqui 1971a, 1971b; Bird, 1972, 
1973, 1974; Rohde and McClure, 197b). 
Nemec (1910) proposed a contrasting mode of giant cell 
induction by root-knot nematodes. He reported that the cells 
around the nematode head in the plerome enlarged, their cyto-
plasmic contents increased, and their nuclei divided by mitosis 
without accompanying cytokinesis. In this way multinucleate 
giant cells were formed early in the development of the gall. 
Cell wall breakdown and cell wall dissolution was not observed 
at any stage in giant cell formation. This mode of giant cell 
formation was observed by a number of researchers (Myuge, 1956; 
Huang and Maggenti, 1969b; Paulson and Webster, 1970, Jones and 
Northcote, 1972; Jones and Dropkin, 1976; Jones and Payne, 1978 
Myuge (1956) believed that giant cells were formed by repeated 
endomitosis without cytokinesis. Huang and Maggenti (1969a,b) 
studied nuclear changes during giant cell formation in Vicia 
faba infected with M. javanica. Chromosome counts in the giant 
cells were equivalent to 4n, 8n, 16n or 32n conditions. The 
nuclei within a given giant cell generally executed their 
divisions synchronously. They did not find cell plate formation 
during the development of giant cells from the binuclear stage 
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upto the multinuclear stage. They also did not find any 
eviaence of cell wall dissolution. Synchronous nuclear divi-
sions within the same giant cell without daughter cell wall 
formations have been observed in many plants (Krusberg and 
Nielsen, 1958; Bird, 1961; Owens and Specht, 1964; Smith and 
Mai, 1965). 
With the help of light microscope, Jones and Dropkin (1976) 
demonstrated the striking difference between absence of cell 
wall breakdown in giant cells of soybean roots infected with 
Meloidoqyne incognita and the easily observable wall gaps in 
syncytia induced by Heterodera glycines in the same plant. Jones 
and Payne (1978) examined early stages of nematode-induced 
giant cell formation, under electron microscope, in roots of 
Impatiens balsamina infected with Meloidoqyne incognita and 
Meloidoqyne 1avanica. Nuclear divisions were detected 24 h 
after inoculation in the ceils upto two cell layers from the 
head of the nematode. These divisions were considered to be 
the first sign of giant cell initiation. After 48 h, 2, 4, 
and 8 nuclei were observed in the cells near the nematode head. 
In early stages of giant cell formation, cell wall breakdown 
and cell fusion were not evidenced under electron microscope. 
Wall gaps or holes in a continuous cell wall were also not 
detected. Cell wall of a giant cell consisted of thick and thin 
areas. The thin area of the cell wall where plasmodesmata occur. 
If) 
is close to the limit of resolution of light microscope, thus, 
gives an impression of 'gaps' in the wall. The irregular out-
lines of individual giant cell at many sites due to cell wall 
ingrowth appeared as tylose-like structures which, according to 
Jones and Payne (1978), was considered by certain workers as cell 
wall fragments. In binucleate cells, 48 h after inoculation, 
the cell plate vesicles were found aligned normally but disper-
sed without fusion and thus failed to form daughter cell wall. 
The cell plate vesicles were also thought to be the fragments 
of broken walls. 
The multinucleate condition of the giant cells was descri-
bed by Tischler (1902). While examining early giant cells in 
Circae root galls, he observed normal mitoses in the beginning. 
After some time the divisions were by amitosis or fragmentation 
which gave rise to multinucleate state of the giant cells. 
Nemec (1910) reported repeated mitoses without cytokinesis in 
the giant cells formed in Clerodendron roots. In the early 
period for the origin of polynuclear condition of giant cells 
atleast three views were expressed. The condition was believed 
to De attained either by (l) merger of nuclei trom several cells 
that coalesce as a result of cell wall dissolution (Beille 1898) 
or (2) mitosis, amitosis and nuclear fragmentation (Tischler 
1902) or (3) mitoses without cytokinesis (Nemec, 1910). 
Kostoff and Kendall (1930) stated that multinucleate condition 
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arises by mitosis without cytokinesis, however, coalescing of 
cells by oissolution of cell walls also contribute in further 
increase in number of nuclei. Owens and Specht (1964) proposed 
that the number of nuclei within a developing giant cell could 
be correlated with the number of host cells that would occupy 
the volume of the giant cell. Involvement of mitosis and coale-
scence of cells were considered responsible for multinucleation 
by Owens and Novtony (1960), Littrell (1966), Bird (1972). 
Huang and Maggenti (1969a) examined multinucleation in 
giant cells of Vicia faba. The nuclei divided repeatedly by 
mitotic divisions without cell wall formation to separate two 
daughter cells. Bird (1973) worked on Vicia faba to obtain the 
chromosome number sequence as given by Huang and Maggenti (1969a) 
He could not find the ploidy sequence and argued that wall break-
down was also involved in multinucleation. 
The nuclei in giant cells of root-knot nematode infected 
sweet potato roots, varied in size, shape and other characteri-
stics. They were sometimes approximately 100 times larger than 
the nuclei of the neighbouring cells. Their shapes were sphe-
rical, elongate, pyriform or dumb bell, and sometimes possessed 
projections (Krusberg and Nielsen, 1958). Owens and Specht 
(1964) observed nuclear changes ranging from a nucleus exhibi-
ting a hypertrophied nucleolus with the apparent absence of a 
nuclear membrane to nuclei with various stages of membrane 
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deterioration and a lobulated periphery. Nucleolar fragmenta-
tion resulted into small granules which stained like nucleoli 
and remained scattered throughout the nucleus. 
Owens and Specht (1964) suggested that the nuclear enlarge-
ment was resulted from swelling and in some cases trom nuclear 
fusion. Some of the nuclei attained a diameter of 35 i^m as 
compared to normal cell nuclei of 6 tim, due to nuclear fusions 
in the giant cells. Rubinstein and Owens, (19o4) noted 10-12 
times increased nuclear volume in giant cells of tomato root 
galls. Huang and Maggenti (1969a) observed irregularly and 
extremely lobed nuclei which were frequently interconnected. 
They also observed portions of cytoplasm including various 
organelles to be completely enclosed within a nucleus. They 
were unable to count accurately the giant cell nuclei, due to 
close juxtaposition, interconnections, or the fusion of many 
nuclei. Hypertrophied nuclei and nucleoli with irregular and 
highly lobed membranes have been observed in the giant cells of 
many host plants (Tischler, 1902; Nemec, 1910; Kostoff and 
Kendall, 1930; Christie, 1936; Krusberg and Nielsen, 1958; 
Davis and Jenkins, I960; Dropkin and Nelson, 1960; Paulson and 
Webster, 1970; Siddiqui and Taylor, 1970; Siddiqui, 1971a; 
Jones and Payne, 1978). 
Giant cells of the same age vary considerably in appearance. 
The young giant cells are highly vacuolated. As they grow older, 
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their cytoplasmic contents become denser and homogeneous 
(Christie, 1936). In affected cells, the granulation of cyto-
plasm was first noticed near the nematode head (Krusberg and 
Nielsen, 1958). As the giant cells enlarged, the cytoplasm 
stained grey and became much dense. When the nematodes matured, 
the cytoplasm stained light reddish and became more densp. In 
young enlarging roots the giant cell protoplasm often degenerated 
and disappeared when the nematodes either died or stopped feed-
ing and finally the giant cells collapsed. In old roots, the 
giant cells often did not lose their cytoplasm but the cytoplasm 
remained very dense and stained reddish-brown and the nuclei 
appeared shrivejled. 
Owens and Specht (1964) showed that cytoplasm of newly 
formea giant cells contained large vacuoles, whereas in older 
ones the vacuoles were smaller and more numerous. The predo-
minant central vacuole observed during early stages of qiant 
cell formation gradually disappeared and small vacuoles pre-
vailed as it enlarged. 
Jones and Payne (1978) carried out experiments on young 
roots of Impatiens balsamina infected with Meloidoqyne incog-
nita and M. hapla. They found that after 24 h of infection, 
in cells adjacent to the nematode, vesicles which would form 
the cell plate lined up across the cell from one cell wall to 
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the other. After 48 h of infection one of the giant cells was 
fldnked by up to 10 normal cells along one side. The cyto-
plasm was distributed parietally enclosing a large central 
vacuole. The central vacuole diminished and cytoplasmic con-
tents increased in the giant cells after 72 h of inoculation. 
Six days after inoculation, transfer cell wall ingrowths were 
started forming next to vascular elements. 
Galls usually develop one to two days after penetration 
of Meloidoqyne incognita juveniles, and these are the first 
recognizable symptoms on infected plants. Dropkin (1954) repor-
ted a high positive correlation between gall size in tomato and 
cucumber roots and number of Meloidoqyne incognita juveniles in 
the gall. Meloidogyne incognita juveniles were also found 
inoucing galls even without actually entering the tomato roots 
(Schuster and Sullivan, I960). Eversmeyer and Dickerson (1966) 
observed two types of galls on peony roots infected with 
Meloidogyne incognita and M. hapla. One was 'regular' type, in 
which swelling involved the entire surface, and the other was, 
'side* type in which swelling involved only a limited portion. 
Gall size is not only related to the number of nematodes 
in the tissue but it also depends on the plant species. Galls 
induced by most Meloidogyne species are similar morphologically, 
however, galls induced by M. hapla are usually smaller than 
those produced by other Meloidogyne species. There was a ten-
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dency of gall infected with Meloldogyne to produce numerous 
lateral roots. Ciall formation and giant cell tormation are 
usually considered to be independent, but associated phenomenon 
(Webster, 1969). 
Meloidoqyne juveniles penetrate the roots of many plants 
but only susceptible plants respond to feeding and undergo pro-
nounced morphological and physiological changes. The histopa-
thological changes that contribute to the formation of galls 
are (1) hypertrophy of cortex, xylem parenchyma, and metaxylem 
(ii) hyperplasia of pericycle and xylem parechyma (iii) enlarge-
ment of nematode body and (iv) egg mass production (Christie, 
1936; Krusberg and Nielsen, 1958, Dropkin and Nelson, 1960; 
Bird, 1961; 1962; Owens and Specht, 1964; Hodges and Taylor, 
1966; Siddiqui and Taylor, 1970; Siddiqui 1971d, 1971b; Swamy 
and Krishnamurthy, 1971; Prakaso hao and Arunee 1973; Ibrahim 
ana MdssGua, 1974), 
Meloldogyne generally interferes with the vascular system 
ana causes extensive damage to xylem and phloem. Christie 
(1936) noted that trachieds or vessels were interrupted in the 
gall region and passed around giant cells. The continuity of 
the vascular cylinder was, however, more or less maintained. 
Adaitional xylem elements of irregular shape were formed from 
cells of the surrounding parenchyma. Krusberg and Nielsen 
(1958) while working on sweet potato infected with root-knot 
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nematodes discussed a lot about abnormal xylem but did not 
mention about the fate oi normal vascular column. Cells of 
abnormal xylem were mostly devoid of contents, although a few 
contained nuclei. They were derived directly from xylem paren-
chyma and were characterized by secondary wall thickenings of 
annular, reticulate or pitted type. Their shapes corresponded 
to the shape of parenchyma cells from which they were derived, 
intercellular spaces, however, were Lacking. The xylem and 
phloem in Gardenia was interrupted by gaint cells, proliferated 
parenchyma cells and the nematode, which caused the vascular 
tissue to occur in irregular pathches rather than in one conti 
nuous column (Davis and Jenkins, 1960). In balsam, Odihirin 
and Jenkins (1965) reported interruption in continuity of most 
vessels and other vascular tissues due to giant cell formation. 
Xylem and phloem tissues were scattered and appeared as patches 
at abnormal positions. Huang (1966) observed giant cells only 
on fibrous roots of Zingiber where all infections were accom-
pained with abnormal xylem and hyperplastic parenchyma. In 
^eony roots, the vascular tissues comprising of xylem and phloem 
were mostly parenchymatous and were having much starch (Evers-
meyer and Dickerson, 1966). Swamy and Krishnamurthy (1971) 
found that the initial target of infection in Basella was the 
primary phloem tissue in young roots, and secondary phloem or 
ray tissue in older roots. There was either little oi no injury 
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to the primary or secondary xylem. In spite of the ubiquitous 
differentiation of xylem as a consequence of infection, there 
was a total absence of phloem differentiation and even functi-
onal phloem was destroyed soon after infection. 
A bifurcated stele was noticed in Lycopersicon pimpinelli-
folium infected with Meloidogyne incognita (harooq, 1973^. 
Siddiqui and Ghouse (1975) observed that in early stages ot 
Meloidogyne incognita infection on Lagenaria leucantha roots, 
the phloem was destroyed due to pressure of undifferentiated 
tissue produced by the cambium. After destruction of normal 
phloem, new phloem was developed which differed in orientation, 
composition, structure and size from the normal phloem. It 
mostly comprised of parenchyma and some sieve tube elements but 
no companion cells. 
Nearly all the Meloidogyne incognita juveniles selected 
the primary phloem or adjacent stelar parenchyma as feeding 
sites, after penetrating the primary root of Glycine max 
(Byrne et.^., 1977). Because of giant cell development the 
normal phloem and xylem connection between the primary and 
lateral root was abolished. Not only were potential primary 
phloem and xylem connections incorporated into giant cells, but 
meristematic activity associated with gall formation precluded 
differentiation of a normal vascular connection. With conti-
nued nematode feeding, some of the cells destined to become 
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phloem and xylem connections were converted to giant cells. 
Finley (1981J found Meloidoqyne chitwoodi larvae embedded 
invariably in the phloem in potato roots. M. incognita infec-
tion caused disruption in vascular strands of egg-plant roots 
which resulted in breaking up of the vascular continuity. 
Abnormal xylem comprising of vessel like elements derived from 
stelar parenchyma was of universal occurrence associated with 
Meloidoqyne infections (Christie, 1936, Krusberq and Nielsen, 
1958; Davis and Jenkins, 1960; Odihirin and Jenkins, 1965; 
Eversmeyer and Dickerson, 1966; Huang, 1966; Littrell , 1966; 
Siddiqui and Taylor, 1970; Siddiqui, 1971d, 1971b; Swamy and 
Krishnamurthy, 1971; Farooq, 1973; Siddiqui et. ^ . , 1974; 
Ngundo ana Taylor, 1975; Ediz and Dickerson, 1976; Jones jj-Dr^ pkin 
1976; Byrne et. ^ . , 1977; Meon ejt aj,., 1978; hinley, IVBI; 
Jones, 1981; Pasha ejt jj,., 1987). 
The attraction of various plants to Meloidoqyne sp. and 
other nematooe genera to the root and excised shoot tissues of 
several host plant species was demonstrated by Linford (1939) 
for the rirst time. He suggested that root-knot nematoce 
juveniles did not respond selectively to the presence of an 
appropriate food supply but responded to certain stimuli emitted 
by non-food substances. Wieser (1955) reported that the apical 
2 mm of exised tomato roots was repellent to Meloidoqyne hapla. 
the ne«t 6 mm to 16 mm was either neutral or slightly repellent. 
Wieser (1956) while working on bean, egg-plant and soybean found 
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that excised bean roots had a repellent effect on the 
larvae; excised roots of soybean and eggplant varied in their 
effect, some being repellent, some being attractive and some 
neutral. He suggested that juveniles were attracted due to 
certain attractive agent in the living plant, and repelled due 
to chemical decay and breakdown of the roots. Studies on attra-
ctiveness of root-knot nematode toward host plant roots have 
been carried out and demonstrated by Bird (1959); Loewenberg 
et al., (i960); and Loewenberg and Viglierchio (1961). 
Griffin and Waite (1971) compared the attractiveness of 
root-knot nematode, Meloidogyne hapla juveniles to resistant 
and susceptible alfafla seedlings. There was little difference 
in the attractiveness of resistant and susceptible alfalfa 
to M. hapla when an egg mass was placed 12.5 mm from a single 
germinating seedling. Meloidogyne haola juveniles were attracted 
equally to the root and stem apices, region of elongation, and 
upper hypocotyle of resistant and susceptible plants. 
Steiner (1925) defined resistance as the ability of the 
roots to resist penetration by the nematodes. Barrons (1939), 
however, showed that resistance was not necessarily associated 
with the failure of juveniles to penetrate, but was correlated 
with the failure to develop after penetration. Christie (1946, 
1949) reported that few or no juveniles of root-knot nematode 
entered roots of some resistant plants. Giant cells failed to 
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develop in roots of resistant marigold plant, but necrosis 
occurred in roots of marigola and Crotalaria. Necrosis was 
observed by Dean and Strubble (1953) in roots of resistant 
sweet potato and tomato plants invaded by root-knot nematode. 
Liao and Dunlap (1950) reported that root-knot nematode 
juveniles that penetrated tomato roots were arrestedfhalf 
embedded in the tissues and suggested the presence of a chemical 
inhibitor. According to Sasser and Taylor (1952) resistance 
may be due to failure of the juveniles to enter the roots; 
entry of reduced numbers of juveniles and little or no subse-
quent development; entry of large numbers of juveniles with 
varying degrees of subsequent development, ranging from none to 
a few individuals maturing to adults. Crittenden (1954) attri-
buted resistance to root-knot nematodes in soybeans with long 
tapering roots and to roots that tend to become woody early in 
plant development. Crittenden (1958) also noted that in resis-
tant varieties, heads of nematodes did not become surrounded by 
giant cells. The number and size of giant cells were reduced 
and their cytoplasms were sparse and not dense. Resistance to 
root-knot nematodes in resistant cotton varieties was associated 
with a necrotic reaction in affected roots Brodie et. a1..(i960). 
Nematode juveniles entered the roots of resistant cotton as 
readily as in susceptible. In resistant variety the develop-
ment of the nematode was much retarded and most of the nematodes 
failed to reach sexual maturity. 
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Minton (1962) attributed resistance of cotton roots to 
Meloidoqyne incognita acrita to condition within the roots that 
prevented or delayed nematode development and not to failure 
of nematodes to enter the roots. Resistance in Gossvpium 
Darbadense to M. incognita acrita was associated with increased 
root necrosis and reduced hypertrophy and hyperplasia, a 
corresponding reduction in tissue disorganization and gall for-
mation, and failure of nematodes to mature. 
Powell (1962) found no apparent differences in reactions 
between resistant and susceptible plants three days after ino-
culation. However, after 7 days, hypersensitive responses were 
noted in resistant tissues shown by degeneration of giant cells 
and collapse of cells surrounding infection loci. These reac-
tions were progressively more apparent at 10 and 17 days after 
inoculation. After 17 days, the nematode bodies appeared to 
degenerate. 
Reynolds et a^., (1970) found that Meloidoovne incognita 
acrita juveniles entered both resistant and susceptible varie-
ties of alfalfa in approximately the same numbers. After 3 to 
4 days, the number of juveniles in resistant roots decreased 
sharply, until at 7 days fewer than 5 juveniles per seedling and 
no nematode development could be found. In susceptible roots, 
juveniles became sedentary and developed normally. 
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MeloidoQvne incognita acrita juveniles entered resistant 
and susceptible roots equally, however, in resistant plants 
larval development was hindered beyond the second stage and 
development toward maleness was stimulated (Fassuolitis, 1970). 
Griffin and Hunt (1972) found an inverse relationship bet-
ween the age of alfalfa plants grown from seed and percentage 
of plants galled by Meloidoqyne hapla. At the time of inocula-
tion, if plants are older the percentage of gall free plants 
become greater. An increase in inoculum levels did not affect 
resistance or susceptibility. The percentage of galled plants 
in progeny of resistant clones at 100, 1,000 and 10,000 inoculum 
levels were 40, 50 and A^% respectively, on plants inoculated 
in the germinated seed stage; 25, 20 and 2051^  at 4 week of age; 
and 0, 5 and 5% on plants inoculated at 8 weeks of age. McClure 
et.^.,^ C 1974a; observed fewer and smaller galls, fewer egg 
masses with fewer eggs of Meloidoqyne incognita in resistant 
cotton plants than in susceptible plants. In resistant roots of 
cotton some galls contained fragments of nematodes and others 
contained no detectable traces of developing juveniles (McClure 
et. al., 1974b). 
Bessey in 1911 suggested that an addition of potassium 
results in a good crop in spite of root-knot nematode infection 
in the fields. Oteifa (1951) reported that at low level of 
potassium egg mass production by Meloidogvne Incognita was 
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retarded but with an increase it was enhanced. Growth of lima 
bean infected with M. incognita was increased with increase in 
K levels (Oteifa, 1952). Mineral contents were higher in heal-
thy plants ana lower in infected plants. With an increase in K 
in the rooting medium, the mineral contents were increased. In 
leaves K was decreased with increase in inoculum level but N, 
P, Ca and Mg were not affected. While working on tomato, 
Dropkin and King (1956) found that absorption rates of 32P were 
unaffected in plants infected with Meloidoqyne spp. Shoot 
growth of tomato plants infected with M. incognita was suppre-
ssed and foliage had become chlorotic (Hunter, 1958). In 
foliage of infected plants N, P, K, Ca, Mg and Fe contents were 
not affected, however, the infected roots contained larger 
quantities of N, P, K and Mg than uninfected roots. In tomato, 
Maung and Jenkins (1959) reported that, high infestation of 
M. incognita resulted in an increase in N, P, and K levels in 
the roots whereas low infestation did not cause any significant 
change. 
Bird (1960) carried out experiments to determine the 
effect of single element deticiencies on the development of 
Meloidouvne javanica and growth of plant. He reported that 
deticiency of any of the elements, N, P, K, Mg, S and Fe 
resulted in suppression of the plant growth. Rate of nematoae 
development was different in plants aeficient in different 
elements. The nematode grew as rapidly on P deficient plants 
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as on plants on full nutrient. It grew faster in N, K, Mg 
and Fe deficient plants. Uptake of 32P in M. incognita infected 
tomato was increased during the first month following infection 
and decreased over the next two months (Oteifa and Elgindi, 
1962). The increases were confined to root tissue, with shoots 
of infected plants always having less phosphorus than the 
control. Spiegel et_ ^ . , (1982) had also drawn similar conclu-
sions with different combinations of N, P and K on tomato plants 
infected with M. incognita. Davide and Triantaphyllou (1967) 
found that in most deficiency treatments higher concentrations 
of N, Ca and Mg were occurred. Concentration of P was higher 
than other elements in infected plants. Effects of different 
levels of N, P and K on nematode development have been studied 
on different plants (Marks and Sayre, 1964; Bird, 1970; Hague 
£t Jl., 1972). 
3 . 
SECTION I 
EXPERIMENT 1 
S 
Formation of giant cell in roots of Luffa cylindrica infected 
A 
with Meloidoqyne incognita. 
The second-stage juveniles of Meloidoqyne incognita 
penetrate the young roots and move intercellularly towards the 
region of vascular differentiation where they induce giant 
cells (Endo ana Wergin, 1973; Jones and Payne, 1978). The 
giant cells are generally formed from undifferentiated vessel 
elements or from xylem parenchyma (Christie, 1936^. They have 
also been reported arising from protophloem cells (Byrne e;_t al., 
1973). 
The present experiment was carried out to observe anato-
mical changes during giant cell formation, and then to compare 
from earlier findings. 
MATERIALS AND METHODS 
Collection And Maintenance of Meloidogyne incognita Culture: 
Meloidoqyne incognita (Kofoid and White) Chitwood infected 
egg-plant roots were collected from vegetable cropfields. The 
species was identified on the basis of the characteristic peri-
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neal pattern. The egg masses were picked out from the galled 
roots and were washed gently with water. A single egg mass was 
axenised by placing it in 0.^% NaOCl solution for five minutes. 
It was washed thrice with sterilized distilled water and allowed 
to hatch at 27°C in an incubator. 
Egg-plant seedlings raised in 25 cm pots containing auto-
claved soiL were inoculated with the juveniles thus obtained. 
In order to maintain sufficient inoculum throughout the course 
of investigation new egg-plants were inoculated with at least 
lb egg masses obtained from pure culture. 
Axenization of Seeds : 
The seeds of Luffa cylindrica L. were axenised by NaOCl 
method (Koenning and Barker, 1985). About 200 seeds were poured 
into a sterile beaker. The beaker was filled with a 1:1 mixture 
of 95?^  ethanol and 5.25/I* NaOCl. The mixture was stirred gently 
and allowed to soak for about 8-10 minutes. The mixture of 
alcohol and NaOCl was drained and the seeds were rinsed with 
sterile distilled water. (Seeds were obtained from National 
Seeds Corporation of India, New Delhi). 
Germination of Seeds : 
About 10-12 axenised seeds were placed on a moist, steri-
lized filter paper kept in a sterilized petri dish. The seeds 
were allowed to germinate tor three days. The germinated seeds 
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were transferred to lb cm aiameter clay pots filled with 
steam sterilized soil (7 clay : 3 sand : 1 manure). 
Inoculation : 
For inoculation, the egg masses were hand picked from the 
egg-plant root galls and then allowed to hatch. The second-
stage juveniles were collected in sterilized distilled water, 
and counted with the help of counting dish. 
V^ hen the seedlings became one week old, holes of 5-7 cm 
depth around the plants within a radius of 2 cm from thp plant 
were made. Through these holes second-stage juveniles (1000 J2 
per 10 ml DDVV per pot) were introduced with the help of steri-
lized pipette. The holes were plugged with sterilized soil. 
To maintain soil moisture, the pots were regularly watered. 
Non inoculated plants served as control. 
Harvesting : 
Five seedlings were harvested at an interval of 24 h for 
72 h, then after a gap of 3 days until the 30th day. The roots 
were washed thoroughly but gently under tap water to remove all 
soil particles. The galled roots were cut into small pieces. 
Fixation : 
The pieces of galled roots and healthy roots were 
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immersed in a fixative of formalin-dceto-alcohol, prepared by 
mixing 90 ml of bO% ethanol, 5 ml of glacial acetic acid, and 
5 ml of 375^  formaldehyde (Johansen, 1940). Depending upon the 
thickness the galled tissue was kept in the fixative for a 
minimum of 24 h to several days. 
Dehydration : 
The galled and the healthy root tissue was dehydrated 
through tertiary-butyl-alcohol (TBA) schedule as given by 
Johansen (1940) (Table 1 ). 
Infiltration : 
After dehydration by alcohols, paraffin was introduced 
into the root tissue. After step 8 of Table i, the tissue was 
transferred to a mixture of 100% TBA and paraffin oil in the 
ratio of 1:1. It was kept for at least one hour or more in 
this mixture. Another container was half filled with melted 
Wax and allowed to solidify. The tissue was placed on the wax 
and then filled with TEA + paraifin oil mixture. It was kept 
in an oven at about 65°C. After 3 h the mixture was poured off 
and replaced with pure melted wax. The container was kept at 
the same temperature for about 3 h. This step was repeated 
twice. 
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Embedding : 
For embedding, molds were prepared from thick paper by 
folding it. The molds were coated with glycerine from inside. 
Some melted paraffin wax was poured into the molds. As the wax 
started solidifying on the bottom of the mold, the root pieces 
were placed on it with the help of heated forceps. More 
meltea wax was added when the wax around the tissue was solidi-
fied. The molds were kept for sometime until the wax completely 
solidified. After hardening, the whole block was cut into 
small pieces according to the position of root pieces. 
Sectioning : 
The small blocks of wax enclosing root tissue were trimmed 
to remove extra wax. The wax blocks were mounted on wooden 
blocks and then fixed in rotary microtome. With the help of 
knife, 10-12 ^m thick sections were obtained in the form of a 
ribbon. 
Ribbon Mounting : 
Ribbons were cut into smaller lengths according to the 
length of the slides. Surface of slide was coated with Haupt's 
adhesive (Johansen, 1940). The ribbon was placed on the slide 
and flooded with freshly prepared 2-3% formalin solution. 
These slides were kept in an oven at 40°C for 6-8 h, and then 
stored in slide boxes. 
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Staining : 
The sections were stained with safranin and fast green 
after removing paraffin by the method described by Sass (1951) 
(Table - 2 ) . The slides were taken out from xylene. Mounting 
medium was applied to the surface of the slide before evapora-
tion of xylem. Cover-slip was lowered gradually over the 
slide. 
Finished slides were left at room temperature for at 
least 24 h and then kept in incubator at 60 C. The slides 
were examined under light microscope. 
OBSERVATIONS 
Structure of Normal Root : 
The normal root system of Luff a cylindrlca consists of a 
short tap root and a large number of lateral branches. These 
secondary, lateral branches further divide profusely resulting 
in a highly branched, root system. Anatomically, the luffa 
root in primary state comprises a uniseriate epidermis, multi-
layered parenchymatous cortex and the stele. The stele in a 
primary root of luffa may be diarch, triarch but generally 
tetrarch displaying a typical dicotyledonous pattern. Xylem 
and phloem are radially arranged which alternate with one 
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another. There is also a small pith consisting of paiPnchyma 
cells at the centre of the four xylem archps. 
Initiation of secondary growth in the luffa roots occurs 
when the vascular cambium is formed afresh and starts function-
ing. The vascular cambium apppars first on the inner poges of 
tne primary phloem ana then on the outer side of the primary 
xylem strands. Soon, the two cambia are joined so that a 
continuous but a wavy ring is formed. Once the cambial ring 
is complete, it begins to form secondary vascular tissues; 
secondary xylem centripetally and secondary phloem centrifu-
gally^ As a result of the differentiation of xylem and phloem 
in the two directions, the wavy ring of cambium assumes a 
circular outline in transections. The secondary vascular 
tissues so formed are in the form of two continuous cylinders, 
phloem being an outer and xylem an inner cylinder. As the 
secondary growth progresses, the pith and protoxylemare crushed. 
The rays between the two xylem arches are composed of paren-
chyma cells. 
24 h After Inoculation : 
The second-stage juveniles of Meloidoavne incognita pene-
trated the young roots of Luffa cylinorica at or just behind 
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the root cap and then migrated intercellularly to the region 
of vascular differentiation. The juveniles that entered at 
the root tips migrated directly towards the differentiating 
zone (Fig. 1 ) whereas those entered behind the root tip first 
traversed towards the tip and after reaching the point of 
apical initials, they turned back and moved upward. The 
juveniles penetrating at the root tip pushed the root cap cells 
apart ana made a narrow passage to move through it. The 
entrance once formed by a juvenile was also used by others 
reaching at that point. Some of the juveniles entered cortex 
through a common passage but their further migration in the 
inner tissue was not through the same path (Figs.2, 3). 
Cellular injury at the root cap was not observed but the 
cells were just pushed apart and thus a narrow passage was 
established (Fig. 4^, A few cells of the epidermis and the 
outer cortex were severely damaged at the point of entry behinn 
the root tip (Fig. 3 ). The cells along the nematode body 
were small and compactly arranged (Fig. 1 ). 
Some of the cells, near the nematode body were enlarged 
and binucleate (Fig. 5;. Around the nematode head and 2-3 cell 
layers away from it, there were 3-4 much enlarged cells each 
with two synchronously dividing nuclei (Fig.o }. The nucleoli 
were associated with one or more vacuoles. Some cells also 
contained four nuclei (Fig. / ). 
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48 h After Inoculation : 
Hypertrophy and hyperpldsid occurring simultaneously 
were observed in the provascular region, 48 h after inocula-
tion (Fig. 11). Five cells of the undifferentiated phloem 
around the nematode head were severely hypertrophied (Fig. 12). 
These 'incipient giant cells' contained a large central vacuole 
ana parietally distributed, granular, deeply stained cytoplasm. 
The average size of the giant cell measured 286 x 26 jam which 
enclosed upto 8 nuclei. Usually, one nucleus was associated 
with one nucleolus or more. Both the nuclei and the nuceloli 
were hypertrophied. A large single central vacuole or 4-5 
small irregularly arranged vacuoles were observed in the hyper-
trophied nucleoli. The nucleoli were either globular, conical, 
elongatea, constricted, cordate or elbow-shaped. 
Around the giant cells, a large number of small sized 
parenchymatous cells were found. The length of the gidnt cells 
was about ten times the small sized neighbouring cells (Fig.12 ;. 
72 After Inoculation : 
The nematode head was now inside the fully differentiated 
giant cell (Fig. 13) which measured 312 x 39 ^ im. The granular 
cytoplasm became more dense and occupied almost the entire 
space inside the giant cell. The central vacuole diminished 
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appreciably. Extension of the giant cell in length caused 
separation of the two adjacent cells situated at the two ends 
of the giant cells. The separating cells were compressed ano 
were pushed outward creating ar^  intercellular scace which was 
later occupied by the developing giant cell (Fig.16). 
The size ot the nuclei inside the multinucleate giant 
cell variea and was related to the fiistdncp from the 
nematode heaa (Fig.13). The nuclei very closely placea in 
front of the nematode head were smaller (.9,0 M-m^  and each 
enclosed a small nucleolus (3.2 [im) . But the nuclei very 
closely located on either siae of the nematode heao were lurgpr 
(12.8 ^ m) and each enclosed a large nucleolus (6.4 |im). '-'pry 
large nuclei (12.8 ^m) enclosing b-8 very small nucleoli were 
observed far away from the nematode head. 
6 Dayi. After Inoculation : 
The giant cell measured 325 x 130 |im after 6 days of 
inoculation. The cell wall was unevenly thickened (Fig.23); the 
cytoplasm more dense and granular enclosing large sized nuclei. 
Some of the nuclei possessed 2-6 small to large sized nucleoli. 
Other nuclei contained only one severely hyprrtrophied nucle-
olus in the same giant cell (Fig.21). Some gi^nt cells showed 
synchronous nuclear divisions. The large sized nucleus and the 
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nucleolus measured 11.5 \im and 4.6 lim in diam. resppc t ivoly. 
The nuclei were either spherical, elongate or amoeboia. The 
large nucleoli contained 4-6 vacuoles. 
9 Days After Inoculation : 
The giant cell cytoplasm, after 9 days of inoculation, 
became extremely dense and granular. The cell walls of thp 
giant cell were more thick towards the centre of the giant 
cell cluster than towards outer cell walls. At this stage, 
the giant cell measured 385.7 x 133 nm. The much dense cyto-
plasm of the giant cell made it very difficult to count the 
exact number of the nuclei, however, in one of tne giant cell 
above 90 nuclei and about 640 nucleoli were observed (Fig. 28) • 
Very small to very large (6.2 |im^  and heavily stained nucleoli 
were quite prominent in the nuclei of the giant cells. Thp 
nuclei were concentrated dround a central vacuole. In light 
stained cytoplasm of a giant cell, the nuclei were easily uistingi 
ished the nuclei v.'ere globose, ovoid, elongate, triangulir 
ana even amoeboid in shape. Upto seven nucleoli in a nucleus 
were tound. 
12 Days After Inoculation : 
The giant cell, after 12 days of inoculation, measured 
426 X 160 |im. The granular cytoplasm of the giunt cells oeca^ '.^  
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vacuoldtea and were light stained. Nuclear boundaries were 
aistinct (Fig.3b) and various shapes of the nuclei (globular, 
elongatea etc) were observed. The number of nuclei had 
aeclined and a maximum of 75 nuclei were noticed in a giant cell 
Upto eight nucleoli were founo in tne nuclei. 
Giant cells in the secondarily developed cortex were 
observed for the first time, after 12 days of inoculation. 
One nematode with its tail still outside the plant body w^s 
found inducing giant cell (Fig.32). These giant cells were 
surrounded by small sized compact parenchymatous cells. 
lb Days After Inoculation : 
The giant cells attained maximum size after lb days of 
inoculation measuring b40 x 206 |im. The cell walls became 
more thicker and vacuolation enhanced. The number of nuclei 
further declined; nucleoli varied from 1-8 in number in each 
nucleus. The nuclei were amoeboid and nucleoli globular, tri-
angular, 01 amoeboid in shape. Characteristically stained 
nucleolus like boaies were observed in the intestine of the 
aeveloping nematode (Fig.36). One or two small sized empty 
giant cells were showing lignified thickenings.(Fly. 36;. 
18 and 21 Days After Inoculation : 
There was no further increase in the size of the giant 
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cell, after 18 days of inoculation. The thickness of the 
cell wall was much increased. Towards the peripheries, the 
giant cells were showing empty spaces (Fig.37j. The thickness 
of the cell wall was increased, however, the density of the 
cytoplasm was decreased. The number of the nuclei was reduced 
to about 50. Nuclei were generally amoeboid in shape and each 
showed 10 nucleoli of various shapes and sizes. 
There was an increased vacuolation and decreased cyto-
plasmic contents in the giant cells, after 21 days of inocu-
lation. There was a marked reduction in the number of nuclei 
in the giant cell but there was a constant increase in the 
number of nucleolus like bodies in the intestine of the nema-
tode. There were less than 40 typically amoeboid nuclei 
enclosing upto eight nucleoli. Most of the nematones were 
completing their fourth moult and metamorphosing to adult 
females (Figs. 41 and 42). 
24 and 30 Days After Inoculation : 
There were no prominent changes in structure and composi-
tion of the giant cells after 24 days of inoculation except 
that the cytoplasmic contents were further deteriorated. With 
decrease in the cytoplasmic contents there was no effect on 
the size of the giant cells (Fig.43 ). The nemato(ie had become 
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pyriform by the 24th day of inoculation. On the 30th day of 
inoculation the nematodes were found associated with the egg 
sacs and also with the egg masses. One or two medium sized 
empty giant cells were found changing into vessel like elements 
after 30 days of inoculation (Fig, 44 and 45). 
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DISCUSSION 
Second stage juveniles of M. incognita penetrated the 
roots of Luff a cvlindrica at or just behind the root cap. 
Further migration was intercellular and no cellular damage 
occurred throughout the path. The passage formed at the tip 
and thp occurrence of the compressed cells along thf bofiy 
length inoicate intercellular migration of juveniles. Pene-
tration of the juveniles of root-knot nematodes close to the 
root tip ana other regions of roots in tomato (Christie, 1936), 
anywhere from the root tip back to the region of hair formation 
in sweet potato (Krusberg and Nielsen, 1958), and in the 
region of cell differentiation and elongation in wheat by M. 
naasi (Siddiqui and Taylor, 1970) have been reported. The 
observations with regard to penetration site for the juveniles 
are similar to these reports. Inter and intracellular migra-
tion of juveniles into the inner tissues after penetration was 
proposed by Nemec (1910). Studies of Christie (1936), Krus-
berg and Nielsen (1958) and Siddiqui and Taylor (1970) supported 
these observations. Later studies^however, have confirmed that 
juveniles of root-knot nematodes migrate intercellularly by 
separating the cell wall along the middle lamella, (Endo and 
Wergin, 1973; Jones and Payne, 1978). The present observation 
on migration of the juveniles of M. incognita in roots of J-. 
cylindrica. support the latter view. 
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The immeaiate response of tne inner root tissup to thp 
nematoae was the enlargement of the cells. The cell dlon<^ \^ ith 
their nuclei and nucleoli were hypertrophiea near the head and 
along the body length of M. incognita. Enlctrgement and fraj-
mentation of the nucleoli ol the atlected C P U S occui^d. 
Nucleolus plays an important role in the tormation of ribosomes 
which are involvea in protein synthesis in cfll. The nucleoli 
actively synthesizing proteins become larger than indctivp 
nucleoli (Johnson and Johnson, 1986). In auoition to hyper-
trophy, the affected cells also exhibited nuclear ciivisions 
without cell wall formation. Occurrence of b-6 giant cell^, 
after 48 h of inoculation, indicates that thp host-parasite 
relationship has been established during this perio.. The 
giant cells possessed upto eight nuclei and each nucleus onp 
or more nucleoli. Jones ani Payne (1978) also observpd giant eel 
Impatiens balsamina by M. incognita, after 48 h ot inoculation. 
Sia(Jiqui and Taylor (1970) noticed giant cells causeci by N. 
nadsi in wheat roots 4 days after inoculation. 
Multinucleate condition of giant cell arising trom reppa-
tea mitoses without cytokinesis was proposed by Huang and 
Maggenti (19t9a). The two nuclei of a young giant cell undergo 
rapid, synchronous divisions without subsequent cytokinesis 
anc upto eight nuclei can be found within 48 h of nematode 
infection (Jones and Payne, 1978). Synchronous nuclpar divi-
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sions within the same yiant cell have been reported by many 
other workers (Bird 1961; Krusberg and Nielsen, 1958; Smith 
and Mai 1965, Owens and Specht, 1966; and Pasha ejt al,., 1987). 
The present observations substantiate this mode of giant cell 
development. 
After 72 h and 6 days of inoculation, increase in number 
and size of nuclei and their change in shape from globular 
to amoeboid with an increase in granulation and density of 
cytoplasm indicated an immense metabolic activity of the 
growing giant cells. 
Surface area of the nuclei is tremendously increased by 
their amoeboid shapes and irregular lobes (Huang and Maggenti, 
19694) • In developing giant cells, cell organ'elles become 
abundant (Jones and Northcote, 1972; Jones and Dropkin, 1976:; 
Jones and Gunning, 1976; Jones and Payne, 1978). Extremely 
dense cytoplasm, a large number of nuclei and nuceloli observed 
on the 9th day of inoculation in the giant cell indicate the 
cellular activities peaked at this stage. 
Lightly stained and vacuolated giant cell cytoplasm, 
after 12 days of inoculation, was probably due to increased 
feeding by the developing nematode. Root-knot nematodes feed 
on cytoplasm of the yiant cell. It app^ eared that the 
nematodes were feeding also on nuclear material of the giant 
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cell, because globular bodies staining like nucleoli were 
observed in the intestine of the nematodes. Increase in 
vacuoldtion, emptying of small giant cells and decrease in 
number of nuclei of all the giant cells, 15 days after inocu-
lation, further supported that increased nematode feeding 
caused such intracellular changes. Cytoplasmic deterioration 
possibl> occurred due to consumption of nuclear materials by 
the nematodes. 
According to Bird and Loveys (1975) and McClure (1977), 
Meloidoqyne functions as metabolic sinK in infected plants, 
and that is why photosynthdtes are mobilized from shoots to 
roots particularly to the giant cells. Though Meon e^ al.. 
(1978) reported that mobilization and accumulation of these 
substances reaches a maximum when the adult females commence 
egglaying and decline thereafter. The present stuay shows 
that removal of cytoplasmic material by the nematode surpasses 
its accumulation in the giant cells at the time of egg 
deposition. 
When the nematode stopped feeding or died, the giant cells 
collapsed (Krusberg and Nielsen, 1958). From present study it 
becomes evident that empty giant cells do not collapse but 
change into abnormal vessel elements. This transformation may 
be to provide strength to the affected tissue and to prevent it 
from collapse. 
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Thus, the juveniles of Meloldoqyne incognita penetrated 
at or behind the root tips of Luffa cylindrica. They migrated 
intercellularly, in the inner tissue, by separating the cell 
walls. The giant cells were induced in the region of undiff-
erentiated phloem within 48h of inoculation. Maximum number 
of nuclei and highly dense cytoplasm was noticed after nine 
days of inoculation. Decrease in number of nuclei and increase 
in vacuolation was found after 12 days of inoculation. Smaller 
giant cells became empty and changed into vessel like elements 
by the deposition of lignified secondary wall material. Larger 
giant cells with little or no cytoplasm also transformed into 
abnormal vessel elements, after 30 days of inoculation. 
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EXPERIMENT 2 
Histopathological changes in Luffa roots leading to gall 
formation : 
Root-knot nematodes penetrate the inner tissues of the 
roots and induce gall formation. In tomato roots, gall forma-
tion was observed even when the juveniles of Meloidoqyne 
incognita were out-side the roots (Schuster and Sullivan, 1960) 
Meloidoqyne spp. infections accompany cortical and stelar 
proliferation (Davis and Jenkins, 1960), and hypertrophy and 
hyperplasia in cortex, pericycle, and stele of soybean roots 
(Ibrahim ana Massoud, 1974). The present work was carried out 
to observe each type of cell contributing to gall formation in 
luffa roots, after root-knot nematode infection, and to compare 
with earlier reports. 
MATERIALS AND METHODS 
The seeds of Luffa cylindrica (National Seeds Corporation 
of India, New Delhi) were axenized by NaOCl method (Koenning 
and Barker, 1985). The seeds were allowed to germinate as 
described in Materials and Methods of Experiment 1, in petri 
dishes. The sprouting seeds were transferred to lb cm diameter 
clay pots (one seed per pot) filled with steam sterilized soil 
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(7 clay : 3 sand : 1 manure). There were 72 pots for 12 haivests 
each harvest comprised of six replications including one control. 
One-week-old seedlings were inoculated with 1,000 freshly 
hatched Meloidoqyne incognita juveniles as described in 
Experiment 1. Inoculated and control plants were harvested 24, 
48 and 72 h, and 6, 9, 12, 15, 18, 21, 24, 27 and 30 days after 
inoculation. The roots were thoroughly washed with water; The 
galled portions of roots were selected and cut into pieces. 
The galled root pieces were fixed in F.A.A. and then dehy-
drated through T.B.A. series (Johansen, 1940). After dehydra-
tion, paraffin wax was infiltrated into the galls. The galls 
were then embedded in paraffin wax. The galls embedded in wax 
were trimmed to small blocks. With the help of rotary micro-
tome, 10-12 ^ m thick sections of galled tissue were obtained. 
The sections were mounted on slides and kept in an oven at 40°C 
for tew hours (Johansen, 1940). The sections were stained with 
safranin ana fast green (Sass, 1951). Fixation, dehydration, 
infiltration, embedding, sectioning of gall, and mounting ana 
staining of sections have been described in materials and methoos 
of experiment 1, in detail. 
Length, width or diameter of the cells under study were 
measured with the help of ocular scale. 
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OBSERVATIONS 
24 h After Inodulation : 
The second-stage juveniles of Meloidoqyne incognita, after 
penetration, migrated to the region of vascular differentiation. 
The immediate response of affected tissue was hypertrophy of the 
ceils near the head of the juveniles (Fig.b-'. The enlarged 
cells enclosed one, two or four hypertrophied nuclei (Fig. 7) 
each nucleus was associated with a large vacuolated nucleolus. 
Width of second-stage juvenile was 12.0 [im. 
48 h After Inoculation : 
The infected site became galled after 48 h of inoculdtion 
and measured 0.36 mm in width whereas the normal root measured 
0.16 mm. In differentiating phloem zone, some cells were seve-
rely hypertrophied and transformed into discrete gicint cells. 
The largest giant cell measured 286x26 \xm. Three to four layers 
of small sized parenchymatous cells were found lying parallel 
to the giant cells. There were four to five large sized cells 
in between the giant cells and the differentiating sieve tube 
elements (Fig,12). The vessel elements were wider near than 
away from the giant cells. Width of nematode was 15.6 ^m. 
72 h After Inoculation : 
After 72 h of inoculation, the average width of the gall 
was 0.53 mm, and of normal root was 0.23 mm. Average size of 
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the giant cell measured 208x56 nm and the largest giant cell 
measured 312x80 ^m. Average diameters of xylem and cortical 
parenchyma cells were 32'.0 and 22.4nm, respectively in the galled 
tissue. Average diameter of the normal parenchyma cells was 12,8 
lim. Number of xylem and phloem parenchyma cells also increased. 
Average width of vessel elements near the giant cells was 64.0 
i^m, but in normal root it was 28.8 [xm. The width of endodermal 
cells was 64.0 ^m in the galled root, and 28.8 in the normal 
root. 
6 Days After Inoculation : 
The galled root measured 0.70 mm and the normal root 0.33 
mm in widtn, after 6 days of inoculation. Maximum size of the 
giant cell was 325x131 |im with an average 232x68 \im. The 
average diameters of xylem and cortical parenchymd cells were 
41.6 and 35.2 ^m, respectively. The diameter of parenchyma cells 
in the normal root was 19.2 [im. The vessel width near the giant 
cells was 73.6 \xm, and away from the giant cells it was 38.4 ^ im. 
In normal root it measured 32.0 |im. Endodermal cells did not 
show further proliferation. Number of xylem and phloem paren-
chyma was increased in affected than in unaffected part. Nema-
tode width was increased to 19.2 lam. 
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9 Days After Inoculation : 
After 9 Odys of inoculation, average width of (jailed root 
medsured 1.00 mm in width, and the normal root measured 0.37 mm. 
The maximum size of the giant cell was measured 385x147 |im with 
an average of 241x76 |am. Average diameters of xylem and cortica. 
parenchyma cells were 48.0 \xm and 38.9 |im, respectively, there 
was not any remarkable increase in width of vessel elements. 
Nematode width increased rapidly and measured 41.6 i-im. 
12 Days After Inoculation : 
Average gall width, after 12 days of inoculation was 
1.40 mm, and of normal root was 0,45 mm. Maximum size of the 
giant cell was 426x160 urn with an average 263x81 urn. Xylem 
and cortical parenchyma cells were having average diameters of 
54.8 and 44.8 urn, respectively. Average diameter of xylem and 
cortical parenchyma cells of normal root was 22.4.|im. Average 
width of the nematode was 67.2 ^ lm. 
15 Days After Inoculation : 
Average width of the gall was 1,80 mm, after 15 days of 
inoculation. The width of normal root was 0.56 mm. Maximum 
size of the giant cell was 536 x 202 urn with an average 290 x 
103 ^m. There was no further increase in diameters of xylem and 
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cortical parenchyma. The average width of the nematoae was 
83.2 ^ im. 
18 and 21 Days After Inoculation : 
Average widths of the galls were 2.4 and 2.6 mm, after 18 
and 21 days of inoculation, respectively. Average widths of 
the nematode were 118.4 and 260.8 urn, respectively. Increase 
in width or diameter was not observed in any type of cells. 
24, 27 and 30 Days After Inoculation : 
The gall measured 2.8 mm, 3.6 and 4.5 mm, after 24, 27 and 
30 days of inoculation. The nematode became typically pyriform 
and attained its maximum width of 632.0 |im, after 24 days of 
inoculation. The females were associated with egg masses after 
27 days of inoculation. At many instances newly hatched second-
stage juveniles were found attacking cambial cells and preformed 
giant cells. Hyperplastic and hypertrophic reactions, as a 
result of secondary infection, were repeated. 
DISCUSSION 
Galling, one of the earliest host responses of root-knot 
nematode infection, results from hyperplastic and hypertrophic 
reactions taking place simultaneously. Galls are induced when 
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Meloidoqyne juveniles enter the root (Christie, 1936), but thpy 
may also be induced without entry of the juveniles (Schuster 
ana Sullivan, 1960). According to Schuster and Sullivan (196C), 
Meloidoqyne incognita penetrate their stylets and secrete cer-
tain material that stimulate host tissue to form galls. This 
study shows that the gall formation was induced when the juvenile 
were reached to the region of vascular differentiation. Hyper-
trophied cells near the head and along the body length of the 
nematode, within 24 h of inoculation, support the view of 
Schuster ana Sullivan (i960). 
In early stages of galling, hyperplastic and hypertrophic 
reactions appeared mainly to be responsible for the gall forma-
tion in infected roots. The size of the giant cells, as a 
result of hypertrophy, was increased to more than ten times a 
normal cell. Presence of small sized cells near the giant c<=lls 
Indicates a simultaneous hyperplastic reaction in neighbouring 
parenchyma. In addition to giant cell formation and hyoerolasia 
of neighbouring parenchyma cells, hyperplasia of phloem paren-
chyma was also found contributing in root galling, within 48 h 
of inoculation. Vessel element dilation, near the qiant cells, 
seems to be a hypertrophic response of root-knot nematode 
infection. Jones and Payne (1978) also otDserved giant cells and 
hyperplastic parenchymatous tissue within 48 h of inoculation. 
This stuay confirms the report of Jones and Payne. 
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Xylem and phloem parenchymd divided actively, after 72 h 
of inoculation. Hypertrophy of all types of cells including 
vessel elements, xylem and cortical parenchyma and also endo-
dermal cells, was the main contributing factor to the gall for-
mation. Hypertrophy of giant cells was found until 15th day 
of inoculation whereas increase in xylem and cortical parenchyma 
was observed 12 and 15 days after inoculation, respectively. 
Vessel element width was increased upto 12 days, and number of 
xylem and phloem parenchyma was increased upto 9 days of inocu-
lation. Thus, hyperplastic and hypertrophic reactions of diff-
erent type of cells, in the affected region, led to the formation^ 
galls until 15th day of inoculation. 
The size of the nematode increased slowly upto 15 days 
after inoculation, but it increased rapidly after 15 days. 
Increase in gall size, after 15 days of inoculation, was due to 
nematode development into adult female. The adult female 
attained its maximum size after 24 days of inoculation. Produc-
tion of egg masses by the adult females contributed in further 
increase in gall size. 
Secondary infection was noticed after 30 days of inocula-
tion. The egg masses of all the females were not expelled out 
of the plant tissue. Some egg masses remained inside. Eggs of 
these egg masses were hatched. The second-stage juveniles, 
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traversing intercellularly through cortical cells, reached 
cambial zone and caused secondary infection. Repeatition of 
hypertrophic and hyperplastic reactions, due to secondary 
infection, caused a rapid increase in gall size. Some freshly 
hatched second-stage juveniles were found associated with pre-
formed giant cells. These juveniles, instead of inducing new 
giant cells, started feeding on old giant cells. Hypertrophic 
and hyperplastic reactions were accompaneid with such type of 
feeding. 
Gall formation due to (i) production of giant cells, (iij 
hyperplasia of pericycle and xylem parenchyma, (iii) hypertrophy 
of cortex, pericycle, xylem parenchyma, and metaxylem, (iv) 
enlargent of the nematode body, and (v) production of egg masses 
has been reported by Christie, 1936; Dropkin, 1954; Krusberg and 
Nielsen, 1958; Davis ana Jenkins, 1960; Dropkin and Nelson, 1960; 
Bird, 1961; 1962; Owens and Specht, 1964; Hodges and Taylor, 
1966; Siddiqui and Taylor, 1970; Siddiqui, 1971a-Orr and Morey, 
1978; Jones and Payne, 1978. From this study it may be conclu-
ded that gall formation is also influenced by hypertrophy of 
endodermal cells, and hyperplasia and hypertrophy of phloem ele-
ments, in addition to other factors listed above. Rapid increase 
in gall size, after 30 days of inoculation, is caused by 
secondary infection. 
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EXPERIMENT 3 
Abnormalities in vascular tissue as a result of root-knot 
nematode infection. 
Meloiaouvne spp. infection results in disruption of both 
xylem and phloem strands. Abnormal vessel elements of irregular 
shapes and sizes are derived from xylem parenchyma (Christie, 
1936; Davis and Jenkins, 1960; Siddiqui and Taylor, 1970). In 
young roots initial infection was observed in primary phloem and 
in older roots, in secondary phloem or ray tissue (Swamy and 
Krishnamurthy, 1971). They also reported that functional phloem, 
after infection, was destroyed and secondary phloem was not 
differentiated. Siddiqui ana Ghouse (1975), on the other hana, 
observed differentiation of secondary phloem which differed from 
normal phloem. Primary phloem or adjacent parenchyma to be the 
initial target of M. incognita juveniles was reported by Byrne 
et al., (1977). 
The following experiment was carried out (i) to study 
abnormalities in orientation, structure and origin of vessel and 
phloem elements after Meloidoqyne incognita infection in roots 
of Luffa cylindrica. (ii) to observe whether giant cells are 
completely covered by abnormal xylem, (iii) to investigate any 
connection between giant cells and the phloem, and (iv) to find 
out whether xylem and phloem strands are discontinued. 
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MATERIALS AND METHODS 
The seeds of Luffa cvlindrica (N. S. C , New Delhi), 
axenized by NaOCl (Koenning and Barker, 1985) were kept in oetri 
dishes for germination. The germinating seeds were sown in 
clay pots (15 cm diameter) filled with autoclaved soil comprising 
of clay, sand and manure in the ratio of 7:3:1. For eleven 
harvests, 66 pots were prepared. There were five replications 
for each treatment and one set was kept untreated to serve as 
control. 
The seedlings, after one week of germination, were inocu-
lated with freshly hatched Meloidoqyne incognita juveniles 
(l,000 J2 per pot) as described in Experiment 1. The plants were 
harvested 24, 48 and 72h, and 6, 9, 12, 15, 18, 21, 24 and 30 
aays after inoculation. The roots were washed free of soil 
with tap water and then fixed in F.A.A. 
Galled portions were cut from the root and dehydrated 
through tertiary butyl alcohol schedule (Johansen, 1940). The 
dehydrated galls, after infiltration were embedded in paraffin 
wax. The embedded galls were cut into small blocks and sectioned 
with the help of rotary microtome. The ribbon of 10-12 |im thick 
sections was cut into small pieces according to the size of the 
slides. The sections were mounted on slides and kept in oven 
for 5-8 h at 40 C (Joh ansen, 1940). The sections were stained 
ith safranin and fast green (Sass, 1951). The methods of fixation 
t i l 
dehydration, infiltration, embedding, sectioning, mounting 
and staing have been described in Experiment 1. 
A, XYLEM 
OBSERVATIONS 
^A *h After Inoculation : 
The second-stage juveniles of Meloidoavne incognita pene-
trated the young roots of Luff a cvlindrica at or near the root 
tip and migrated to the region of vascular differentiation. 
Fully differentiated protoxylem strands were not observed near 
the incipient giant cells when seen in longitudinal section. 
However, differentiating protoxylem elements having their spiral 
thickenings of secondary wall deposition were sometimes noticed 
(Fig. 8;. 
48 h After Inoculation : 
The giant cells were now fully differentiated. Near the 
giant cells there were hypertrophied and hyperplastied parenchy-
matous cells. The protoxylem strands were pushed away from 
their normal position. The xylem strands appeared curved instead 
of being straight, when seen in longitudinal section. There was 
a gradual increase in width of xylem elements, toward the giant 
cells. 
72 h After Inoculation : 
The lengths of vessel elements of metaxylem strands gradually 
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decreased and width gradually increased toward the giant cells. 
Vessel like elements arising from parenchyma cells were observed 
for the first time. Three parenchymatous cells bordering the 
giant cells were transforming into abnormal vessel elements. 
Each of these elements was associated with one conspicuous nucleus. 
Secondary wall depositions of these elements were typically 
reticulate (Fig.l4j. 
6 Days After Inoculation : 
The vessel elements of xylem strands became more broader 
than longer near the giant cells. The xylem strands appeared 
broken abruptly (Fig.22) or in patches near the giant cells, 
when seen in longitudinal section. Some abnormal vessel elements 
arising from small as well as large hypertrophied parenchyma 
cells were observed. The shape and size of newly formed abnormal 
vessel elements corresponded to the parenchyma cells from which 
they were originated. Addition of these vessel elements was not 
in any particular order or direction but seemed traversing in a 
zig-zag manner. All the abnormal vessel elements were showing 
reticulate thickenings (Figs. 17 and 22). 
9 Days After Inoculation : 
Vascular strands were found extremely disrupted, after 9 
days of inoculation, which could be seen as scattered patches in 
longitudinal section (Fig26). Formation of abnormal vessel 
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elements was evidenced throughout the gall. Many hypertrophied 
parenchyma cells still enclosing nuclei, near (Fig.29) or away 
from (Fiy.31) the giant cells were transforming into vessel like 
elements. The transforming abnormal vessel elements were having 
thread like secondary wall depositions. The thickenings were 
annular, spiral or even reticulate, however, most of them were 
helical or annular or in a stage of transition toward reticula-
tion (Fig.27). 
12 and 15 Days After Inoculation : 
The number of abnormal vessel elements was increasing 
progressively. The parenchyma cells around the giant cell 
complex were transformed into vessel elements which covered the 
giant cell cluster. At the same time, the parenchyma lying in 
between the normal xylem strand and the abnormal vessel elements 
around the giant cells, also changed into vessel like elements 
(Fig. 33 and 35). 
Abnormal xylogenesis appeared to be a continous process as 
more of the parenchyma cells around the giant cell complex were 
found transforming into vessel like elements, after 15 days of 
inoculation. In addition to dislocations in normal vascular 
strands and transformations of parenchyma into vessel elements, 
one or two small sized and emptied giant cells were also seen 
transforming into vessel like elements (Fig.38). 
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18, 21, 24, 30 and 45 Days After Inoculation : 
From 18 days to 30 days after inoculation, progressive 
increase in dbnormal vessel elements formation was observed. 
However, after 30 days of inoculation some larger empty or 
almost empty giant cells were also found transforming into vessel 
like elements (Fig. 45). 
DISCUSSION 
In this experiment abnormality in orientation or xylem 
strands was observed 48 h after inoculation where they were 
pushed away from their normal position due to proliferation of 
giant cells, and due to hyperplasia and hypertrophy of neighbour-
ing parenchyma cells. This abnormal orientation became more 
pronounced 6 days after inoculation when metaxylem strand was 
found traversing from one side to the other in a zig zag 
manner, when seen in longitudinal section. After 9 days of 
inoculation the metaxylem strands were much disturbed and could 
be seen as irregularly scattered patches. But whatever be the 
orientation of xylem strands, their continuity was always main-
tained throughout the gall. Christie (1936) was of the opinion 
that vascular strands passed around the giant cells, somewhat 
pushed out of the normal position. Continuity of vascular cylin-
der, however, remained undisturbed. Occurrence of xylem and 
phloem in scattered patches and interruption in their continuity 
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due to giant cell formation has also been reported (Davis and 
Jenkins, 1960; Odihirin and Jenkins, 1965). The present study 
supports the former view. 
Abnormality in structure of normal xylem elements was 
noticed 48 h after inoculation. The width of metaxylem elements 
in affected part was increased two times than in unaffected part. 
After 72 h of inoculation, vessel length was decreased to less 
than half in affected part. A few elements became more broader 
than longer. These abnormalities may be due to certain stimuli 
that are responsible for hypertrophy of different type of 
cells. After 6 days of inoculation, metaxylem elements were not 
only shortened and proliferated but also deformed and assumed 
irregular shapes. Some of the broader vessel elements became 
angular, when seen in cross section, perhaps because of unequal 
pressure exerted by hypertrophic and hyperplastic reactions. 12 
Days after inoculation some vessel elements were showing projec-
tions. In this way, normal vessel elements changed into abnormal 
vessel elements due to change in their structures. Hypertrophy 
in vessel elements was reported by Siddiqui and Taylor (1970). 
This study supports the view of hypertrophy of vascular strands. 
Abnormality in xylem due to origin from cells other than 
primary or secondary meristem was evidenced 72 h after inocula-
tion. Three small vessel elements, still enclosing nuclei, 
could be distinguished from neighbouring parenchyma cells in 
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having heavily thickened reticulate walls. Such type of vessel 
elements were also observed by Krusberg and Nielsen (1958). 
Another type, observed after 9 days of inoculation, was origi-
nated from hypertrophied parenchyma cell. These were enclosing 
nuclei but not cytoplasm. And, the third type originated, 15 
days after inoculation, from the empty giant cells. Formation 
of abnormal vessel elements from parenchyma in Meloidoqyne spp. 
induced galls has been reported in all the host plants (Christie 
1936; Krusberg and Nielsen, 1958; Davis and Jenkins, 1960; 
Odihirin and Jenkins, 1965; Eversmeyer and Dickerson, 1966; 
Siddiqui and Taylor, 1970; Siddiqui, 1971a, 1971b; Swamy and 
Krishnamurthy, 1971; Farooq, 1973; Siddiqui et. al.., 1974; 
Ngundo and Taylor, 1975; Ediz and Dickerson, 1976; JonesS<r Dropkin 
1976; Byrne e^ ^ . , 1977; Finley, 1981; Jones, 1981; Pasha et. 
al.. 1987; Hisamuddin and Siddiqui, 1992a. The present study 
also supports formation of parenchyma cells into vessel elements. 
In addition to parenchyma, giant cell transformation into 
abnormal vessel elements has also been investigated through this 
study. The abnormal vessel elements can, thus, be grouped, on 
the basis of their size, into small, large and giant vessel 
elements. 
Growth of root tips is temporarily checked which results 
in poor nutrient uptake, when roots are invaded by Meloidogyne 
juveniles (Hussey, 1985). To compensate the loss of water and 
nutrients,caused by root growth inhibition, probably, lateral 
67 
root Dranching is stimulated as has been reported by Christie 
(1936); Krusberg and Nielsen (1958); Davis and Jenkins (I960). 
It is supposed that large number of lateral branches facilitate 
absorption of water and mineral nutrients in larger amounts. 
Although lateral root branches absorb nutrients in suffi-
cient amount but these are not translocated to the shoots due 
to unsteady upward translocation (Oteifa and Elgindi, 1962; 
Hanowanik and Osborne (1975). To surmount the unsteady or 
impairea translocation, probably, plant adapts itself to produce 
xylem elements in larger amounts. Thus, it is suggested that 
the plant attempts to overcome the loss of water suspected due 
to disordered orientation of vessels partly by adaptation of 
vessels to have wide lumen and partly by the production of 
enormous amount of abnormal xylem. 
Abnormal xylem mav also function to interconnect giant cells 
wltti xylem strands. Giant cells, produced in protophloem, are 
highly metabolicdlly active cells and function as sinks for meta-
bolities. They may need rapid supply of water for their unceasing 
metabolic activities. Since water can not flow rapidly through 
parenchyma, therefore, the parenchyma cells in between the giant 
cells ana the xylem strands are transformed into vessel like 
elements. 
Another function of abnormal xylem may be protection and 
support. The giant cells which are highly specialized are 
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covered up by abnormal vessel elements transforming from 
neighbouring parenchyma cells. In this way the giant cells are 
given protection to prevent them from collapse. 
According to Krusberg and Nielsen (1958) if mature nematode 
stops feeding or dies, the giant cell cytoplasm degenerates and 
disappears, and finally the giant cell is collapsed. This 
study shows that instead of being collapsed are transformed into 
stronger cells i.e. vessel elements. The giant cells transfor-
ming into vessel like elements may or may not have cytoplasm. 
Their function again seems to provide mechanical support to the 
giant cells, and to prevent the entire gall from being collapsed. 
From this study it may be concluded that abnormality in 
orientation of vascular strands was started 48 h after inocu-
lation. Vascular strands were severly distorted due to multiple 
hypertrophic and hyperplastic reactions taking place continously. 
The strands became wavy and appeared as scattered patches, when 
seen in longitudinal sections. The vessel elements became stru-
cturally abnormal within 48 of inoculation. The vessel elements 
were broadened near the giant cells due to hypertrophic reactions 
Irregular shape and size of vessel elements of metaxylem strands 
were consequenced upon pressure exerted on them by the tissue 
resulting from hypertrophic and hyperplastic reactions. Abnormal 
origin of vessel elements was observed 72 h after inoculation 
from small parenchyma cell; 9 days after inoculation from hyper-
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trophied parenchyma cells; 15 days after inoculation from small 
giant cells; and 30 days after inoculation from larger giant 
cells. From these observations, it is suggested that formation 
of vessel elements in excess amount may be to increase upward 
translocation, or to supply water to giant cells, or to provide 
protection to giant cells, or to give support to entire gall to 
prevent it from collapse. 
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B. PHLOEM 
OBSERVATIONS 
24 h After Inoculation : 
After penetration, most of the juveniles of Meloidoavne 
incognita were found only in the zone of differentiation of the 
growing root. However, the juveniles which reached the differ-
entiated zone, were having their heads in the protophloem, when 
seen in longitudinal section (Fig.10). In transverse section, 
their bodies were found only in the protophloem region (Fig. 9 ) 
48 h After Inoculation : 
After 48 h of inoculation some of the cells near the 
nematode head were changed into discrete giant cells. These 
giant cells were having dense cytoplasm and many nuclei. ThPre 
were a few isodiametric cells in between the giant cells and 
sieve tube elements of protophloem when seen in longitudinal 
section (Fig.12). 
72 h After Inoculation ; 
The giant cells increased in their size. The number of 
cells in between the giant cells and the sieve tube elements 
of the phloem also increased (Fig.16), 
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6 Days After Inoculation : 
The size of the giant cells, after 6 days of inoculation, 
further increased and the cytoplasm became more dense. While 
observing longitudinal sections of a gall, it was found that 
phloem strands were running by the side of the giant cells. In 
some sections the phloem strands appeared as if ending abruptly 
at the giant cell. At such instances, a group of parenchyma 
cells Was found at the junction ot the giant cell and the phloem 
strands. A few sieve tube elements were observed in this paren-
chyma. Although, the shape and the size of these sieve tube 
elements corresponded to the surrounding cells, but they could 
only be identified on the basis of the presence of slime plugs 
(Fig.24;. The sieve tube elements of the phloem strands traver-
sing by the side or around the giant cells were not deformed(Fiq 25 
9 and 12 Days After Inoculation : 
The nematode body became broader in addition to increase 
in size of the giant cells, after 9 days of inoculation. The 
phloem strands appeared broken. It seemed to be ending at one 
giant cell and emerging from another. The cells of phloem strand 
just boraering the giant cells were of irregular shape and size 
(Fig.30). After 12 days of inoculation, giant cells were 
observea for the first time in the cortical region. The conse-
cutive serial sections revealed that cortical giant cells were 
associated with the vascular stranas of root-lets.(Fig. 39). 
The giant cells were associated with sieve tube elements 
(Fig. 34;. 
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15, 18 and 21 Days After Inoculation : 
.Vith increase in size of nprnatode body, the orientatio-^ 
of phloem cells WdS very much disturbed. The sieve tube elenents 
v;ere no more elongated structures. Most of the cells of proto-
phloem were crushed or were pusheo on either sloe of the nematode 
body. The secondarily developed phloem tissue comprised of both 
long as well as short cells (Figs. 36, 37, 40, 41). 
24 Days and 30 Days After Inoculation : 
After 24 days of inoculation the nematoae developed com-
pletely. In some sections the giant cell clusters appeared 
surroundeu completely by abnormal xylem. When seen in transverse 
section, the outer most giant cell ol a cluster was found connec-
ted with the phloem. 
Tne phloem elements were irregularly arranged and lacked 
a definite pattern. Abrupt changes in orientation and conse-
quently in their aimension were observed. In transverse section, 
the sieve tube elements were seen as alternately arranged hoii-
zontal and vertical patches near the giant cells. 
After 30 days of inoculation no further changes were 
observed. The main feature was the occurrence of newly hatched 
second-stage juveniles which either induced Iresh giant cells 
or fed on the ola ones (Fig. 46 ). 
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DISCUSSION 
Hypertrophy of cells near the nematode head, although, was 
observed within 24 h of inoculation but discrete giant cells 
were observed only after 48 h of inoculation. The preferential 
feeding site of the nematodes appeared to be only the phloem 
region. The nematodes which did not induce giant cells in 
undifferentiated zone were found lying with their heads in 
phloem region, as was observed 24 h after inoculation. Presence 
of parenchyma like cells in between the giant cells and the 
sieve tube elements indicated that nematode induced hyperplasia 
in undifferentiated cells which were to be transformed into 
sieve tube elements. Ediz and Dickerson (1976) also found most 
of the giant cells in phloem region. Primary phloem or adjacent 
parenchyma were selected as feeding sites by nearly all the roor-k-inol 
nematodes (Byrne e^ a^., 1977; Finley, 1981). 
Since giant cells are highly metabolically active cells, 
therefore, they should directly or indirectly be connected with 
the phloem. This communication is essential for a continuous 
supply of assimilates to carry out cellular activities at its 
required rate. This view is strengthened by observing sive tube 
elements ending abruptly on the walls of the giant cells after 
6 days of inoculation. Formation of sieve tube elements from 
the hyperplastied parenchymatous cells of the phloem further 
support that giant cells are connected with the phloem. 
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After 9th day of inoculation, phloem seems to be the most 
affectea tissue. At this stage orientation ot sieve tube ele-
ments was aisturbed fiistly aue to giant cell formation anu 
secondly due to nematooe aevelopment. Because of tnese two 
factors the phloem strands were dispersed. The sieve tuoe 
elements, instead of traversing in a straight column, were pass-
ing to the left, rignt, above and below the nematode and the 
giant cells. Continuity of phloem strand, however, was not 
broken. Discontinuity between sieve tube elements had been 
observed by Jacobs and Morrow (1958) in early stages of phloem 
development, after infection. 
Sieve tube elements of irregular shape and size, observpd 
after 12 days of inoculation near the giant cells, were formed 
probably due to two reasons. Firstly because of hypertrophic 
reaction, and secondly due to transformation of sieve tube ele-
ments from phloem parenchyma cells. The juveniles that pene-
trated later on, probably, caused giant cell formation in the 
cortex. They attacked undifferentiated vascular strands of the 
root-lets. Formation of giant cells in the cortex and their 
derivation from cortical parenchyma have been reported in many 
plants (Krusberg and Nielsen, 19b8; Ediz and Dickerson, 1976). 
This observation supports that giant cells were not derived from 
cortical parenchyma but from undifferentiated (or meristematic) 
cells. The giant cells observed in the cortex were not indepen-
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aent of the phloem, but they were always connected with the 
phloem strand of the root-lets. Thus, the root-lets produced 
in response to root-knot nematode infection (Christie, 1936; 
Krusberg and Nielsen, 1958) and supposed to increase absorption 
of Water, also provide more number of vulnerable sites for 
nematode attack. Orientation, shape and size of sieve tube 
elements were very much affected after 18 days of inoculation. 
Protophloem was almost completely crushed mainly due to nematode 
development. Orientation and shape of sieve tube elemf>nts were 
also changed due to the enlargement of the nematode body. 
The giant cells more or less surrounded by the xylem were 
reported by Christie (1936), Krusberg and Nielsen (1958). They 
did not mention any other tissue adjacent to the giant cells 
except the xylem. Siddiqui and Taylor (1970) found giant cells, 
completely surrounded by xylem after 9 days of inoculation, 
Finley (1981) stated that the giant cells were formed in the 
phloem tissue of roots, stolons, and tubers of potato as a result 
of Meloidogyne chltwoodi infection. Completely suppressed 
phloem was reported by Swamy and Krishnamurthy (1971) in 
Meloidogyne incongita infected Basella roots. Abnormal sieve 
tube elements with unusual orientations were formea in Lagenarid 
roots after the destruction of primary phloem as a result of 
M. jdVcinica infection (Siddiqui and Ghouse, 1975). 
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From this study it may be concluded that, although giant 
cells appeared completely enclosed by abnormal xylem elements, 
but the serial section study revealed that none of the giant 
cell was completely enveloped by the xylem. The giant cells 
were always connected with the phloem. The sieve tube elements, 
instead of forming a complete ring, appeared diverting towards 
the giant cells. When seen in transverse section. In this way 
the supply of assimilates to the giant cells was not disrupted. 
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SECTION II 
EXPERIMENT 1 
The effect of different inoculum levels of Meloidocrvne incognita 
on Luff a cylindrica. 
Low or high population densities of Meloidoqyne incognita 
produce different effects on plants. At low inoculum level, 
sometimes the plant growth is stimulated, but at other times it 
is suppressed. Wallace (1971) found an increased plant growth 
at lower population densities, and decreased at higher densit-
ies. Dropkin (1954) inoculated tomato roots with a single 
juvenile of Meloidogyne incognita acrita and measured the size 
of the resulted gall. He hypothesized that each individual 
nematode produced a finite response on the root tissue, and by 
measuring the gall size, number of nematodes in that gall may be 
predicted. In heavily infested roots it was very difficult to 
follow - r.e hypothesis. 
The following study was carried out to determine the 
effects of different inoculum levels of M. incognita on : 
(i) plant growth, (ii) number and size of galls (iii) number of 
78 
mature females per gram root, (iv) number of egg masses per 
plant, and (v) number of eggs per egg mass, in roots of Luff a 
cylindrica. The results were compared with the earlier reports 
on different plants. Histopathological studies of the galls 
proGuced as a result of different inoculum level were also 
carried out. buch studies have not been carried out so far. 
For this purpose (i^ size of mature female, (ii) size of giant 
cells, (iii) nature of giant cell cytoplasm, nuclei and nucleoli 
and (iv) abnormalities in xylem and phloem, as a consequence 
of aifferent inoculum levels of Meloidoqyne incognita were 
studied. 
MATERIALS AND METHODS 
Preparation of Test Plant : 
Surface sterilized seeds of Luffa cylindrica (National 
Seeds Corporation of India, New Delhi) were allowed to germinate 
in 10 cm diameter petri dishes. Thre^ germinating seeds were 
transferred to 30 cm diameter clay pots filled with steam 
sterilized soil (clay : sand : manure, 7:3:1). After one veek 
the seedlings were thinned to one seedling per pot. 
Inoculation : 
Egg masses of Meloiaoqyne incognita were collected from 
roots of egg plants maintained in glass-house for pure culturinq 
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The egg masses were incubated in coarse sieves (6 cm diameter) 
fitted with aouble layered tissue paper and placed on a Baermanti 
funnel containing sufficient water. After 72 h, the juveniles 
were collected and stored in a beaker kept at 7 C. The number 
of juveniles was counted and standardized. Different inoculum 
levels, comprising of 10, 100 1,000 and 10,000 J2 per 10 ml of 
water, were used to inoculate one-week-old seedlings. Nematode 
suspension containing desired inoculum level was added in the 
pots with the help of sterilized pipette. Within a radius of 
2 cm from the plant, 3-4 cm deep holes were made through which 
suspension was introduced. The holes were plugged with soil, 
soon after inoculation. Each treatment was replicated five times 
and pots were arranged in randomized complete block design. Uni-
noculated plants served as control. The plants were watered 
regularly when required and were harvested bt) days after.inocu-
lation. The data for different parameters was collected and 
statistically analysed by ANOVA. 
Plant Growth : ^ 
When the experiment was terminated lengths, fresh and dry 
weights of roots and shoots of inoculated and uninoculated plants 
were determined. Root and shoot length was measured with the 
help of meter scale. Roots and shoots of plants of each treat-
ment were weighed when fresh and then placed in bamboo paper 
envelopes. The envelopes were kept in an oven for 48 h at 80°C, 
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ana then vjelghed to obtain their dry weights. 
Number and Size of Gall : 
The number of galls was counted by visual observation. 
The size of medium sized galls was obtained by measuring maximum 
length and width (in mm ) on a meter scale. 
Number of Mature Females : 
Root samples taken from each treatment were blended with 
2O0ml water in a Waring blender for 30 seconds at low speed. 
The resultant suspension was passed through coarse and 100 mesh 
sieves in order to separate root tissue. The total female popu-
lation Wds counted with the help of counting dish. Total number 
of female nematodes in the suspension was divided by the weight 
of each root system to derive population per gram root. 
Size of Mature Female and Giant Cell : 
The mature females obtained by maceration from each treat-
ment were placedon slides. Their images were traced on tracing 
paper with the help of Camera Lucida. The tracings were cut out 
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ana weighed. Tracings ot 100 \im were also cut out and weighed. 
The weights of nematode tracings (Wlj were transposed to the 
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weights of 100 |im tracings. In this way area of the nematoie 
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VU/W2 X 10 |im was calculated (Bird, 1970). In the same way, 
area of yicint cell was obtained. 
Number of Egg Masses ; 
NumDer of egg masses in infected roots were counted by 
staining egg mdsses with phloxin B. An aqueous solution of 
phloxin B (0.1b g/litre water) was prepared. Galled roots were 
placed in this solution for 15-20 minutes. Root< were rinsed in 
tap water. Egg masses stained red, were counted. 
Number of Eggs per Egg Mass : 
About 10 mature egg masses were selected at random from 
root galls of each treatment. The egg masses were treated with 
20 ml of NaOCl (2%) solution and stirred vigorously for one 
minute. The eggs, releasee irom gelatinous matrix of egg masses, 
were stained with acia fuchsin (Byrd _et. al., 1972), anc then 
counted under a stereoscopic microscope. 
Histopathological Studies : 
Medium sized galls, selectea from each treatment were 
fixed in F.A.A. and dehydrated through T.B.A. schedule (Johanscn, 
1940). The galls were infiltrated with wax after dehyaration 
and then embedded in paraffin wax. The embecided galls were tri-
mmed to small blocks and then fixed on wooden blocks. 10-1^ nm 
thick sections were obtained with the help of rotary microtome. 
The sections were mounted on slides and kept in an ovpn at 40"c 
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for few hours (Johdnsen, 1940). The sections were stained with 
safranin and fast green as described by Sass, 1951. Anatomical 
oetails were observed under light microscope. 
OBSERVATIONS 
Root And Shoot Lengths : 
Initial inoculum levels (Pi 10 J2, 100 J2, 1,000 J2 and 
10,000 J2) of Meloidogyne incognita exhibited different 
suppressive effects on lengths, fresh and dry weights of roots 
and shoots of Luff a cylindrica. Their impacts were more 
pronounced on roots than on shoots when compared with uninocu-
lated (control) plants. In compdrison to control, root .mc. 
shoot lengths remained unaffected at Pi 10 J2, decreased 
slightly but nonsignificantly at Pi 100 J2, however, at hiqher 
inoculum levels the reductions were significant (P = 0.01). At 
the highest inoculum level, the lengths were drastically 
reduced (significant at P = 0.01) when compared with the lengtns 
of control plants, and with the lengths of the plants at rest 
of the inoculum levels. Tht iongths at Pi l,0C-0 J2 /vere 
significantly (P = 0.05) less than at Pi 100 J2 (Table 3 ) . 
Reduction was higher in root length than in shoot length it 
Pi 1,000 J2 and at Pi 10,000 J2 (Table 3). 
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Root and Shoot Weights : 
Root and shoot weights were significantly reduced at all 
the inoculum levels except at 10 J2, when compared with control. 
Maximum reduction in weight was observed at the highest inocu-
lum level (Pi 10,000 J2). The reduction in root ana shoot 
weights at highest inoculum level was significantly higher 
(P = O.Ol), in comparison to the weights of control pldots and 
the plants at rest of the initial inoculum levels. In casp of 
roots, the weights were significantly less (P = 0.05) at Pi 100 J: 
than at Pi 10 J2 and the control. On the other hdnd, in case of 
shoots, this relationship existed only between tne weights at 
Pi 100 J2 and control but not between Pi 100 J2 and Pi 10 J2. 
Significant (P = O.Ol) reduction in weights of roots and shoots 
was also observed at Pi 1,000 J2 when compared with the wpights 
at Pi 100 J2, Pi 10 J2 and the control (Table3 ). heductions 
were higher in roots than in shoots. 
Number of Galls : 
There was a significant (P = 0.01) increase in th(- number 
of gdll, per plant at higher inoculum levels (Pi 1,000 J2 and 
Pi 10,000 J2) than at lower inoculum levels (Pi 10 J2 ana Pi 
100 J2). The number of galls was also significantly higher 
(P = 0.05) at Pi 10,000 J2 than at Pi 1,000 J2 (Table 3 ). 
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Size of Gall : 
The size of the gall was significantly (P = O.Ol) increased 
at higher inoculum levels (Pi 1,000 J2 and Pi 10,000 J2) as 
compared to the lower inoculum levels (Pi 10 J2 and Pi 100 J2). 
There was also a significant (P = 0.05) increase in qall size 
at Pi 100 JZ when compared with that at Pi 10 J2. Largest galls 
were found at the highest Pi which were significantly (P - C.Ol) 
larger than at all the lower inoculum levels (Table 3 ). 
Number of Mature Females : 
The number of mature females per gram root was increased 
with increase in initial population levels. In compcuison to 
the lowest Pi, a significant increase (P - 0.01) at Pi 1,0C' J2v^ . 
observed, however, at Pi 100 J2 no significant differpncp w^s 
observea. The increases wei • also significant (P = 0.05) at 
Pi 1,000 J2, and (P = O.Ol) at Pi 10,000 J2 when cornpaied v.itn 
that at Pi la) J2 (Table 3 ). 
Size of Mature Female : 
Average size of the mature temale was not affected very 
much with increase in initial inoculum levels. A significant 
decrease (P = 0.05) was observed at Pi 10,CX)0 J2 when compdied 
with size at Pi 10 J2. At other levels significant differences 
were not oDserved, when the sizes were compared with each other 
(Taole 3 ) . 
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Size of Giant Cell : 
Average size of the giant cell gradually decreased with 
increase in initial population level. At highest inoculum 
levels (Pi 10,0UO J2), average size of the giant cells was 
reduced significantly (P = 0.01) when compared with that at 
lower inoculum levels (Pi 10 J2 and Pi la) J2). At lower 
inoculum levels, the giant cells were not observed in the cortex 
although these were observed more frequently at higher inoculum 
levels liable 3). 
Number of Egg Masses : 
Number of egg masses per plant was increased as the 
number of juveniles introduced per plant increased. When 
compared with the number of egg masses per plant at the lowest 
Pi, a significant (P = 0.01) increase was observed at all the 
higher i.-oculum levels. Maximum number of egg masses wpre 
collected at the highest inoculum level which was significont 
(P - 0.01^ as compared with those at all the lower inoculum 
levels. The differences were significant (P = 0.01) with one 
another at all the inoculum levels (Table 3 ) . 
Number of Eggs Per Egg Mass : 
Number of egys per egg mass was decreased with increase 
in initial population levels, however, the differences weie not 
significant upto Pi 1,000 J2. A significant (P = 0.05) decr*^ dse 
s.fi 
wds observed dt Pi 10,000 J2 when compared with all the lower 
inoculum levels (Tdble 3 ^-r 
Histopathology : 
Secona-staye Meloidoqyne incognita juveniles, after pene-
tratiP' into the roots, induced 6-8 multinucleate giant cfills, 
primarily in the phloem region. When there were two nematodes 
lying adjacently and feeding at the same site, they formed a 
cluster of 12-14 giant cells. There were great variations in 
the size oi the giant cells in a cluster, one being the sinolloit 
one largest, and rest in between the two extremes.(Fig. 47). 
At lower inoculum levels, only one or two females were 
observed in parenchyma ray region, when seen in transverse 
section (Fig. 48 )• At higher inoculum levels, all the four 
parenchymatous rays were occupied by the nematodes and the (ji,jnt 
cells (Fig.49 ) , Generally only one female was associatea with 
one giant cell cluster, but at many instances two females feed-
ing at the same site were also observed at higner inoculum 
levels. 
At lower inoculum level (Pi 10 J2 and 100 J2), the gicint 
cell cytoplasm was dense, more granular and stainea red, wherecu 
at higher inoculum level (Pi 1,000 J2 and 10,000 J2) it w.s 
less dense and stained broAn, At higher inoculum IPVPIS, small 
and medium sized giant cells were almost empty, ano large jiint 
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cells enclosed a little cytoplasm. At lower inoculum levels 
only small sized giant cells were empty; medium sized contained 
little; and lurye sized enclosed much cytoplasm. (Figs. 50 and M ) , 
The number of nuclei was higher at lower inoculum levels 
and lower at higher inoculum levels. The nuclei stained light 
at higher inoculum levels and stained deep at lower inoculum 
levels. The shapes of nuclei were circular, oval ana amoeboid 
at lower, and mostly amoeboid at higher inoculum levels. Size 
of the nuclei in a giant cell was not affected appreciably by 
increase or decrease in initial inoculum levels. Similarly, 
shape and size of nucleoli were also independent of initial 
inoculum levels. Their number varied from 4 to 10 in a single 
nucleus, but 4-6 nucleoli were frequently observed .(Fig.50 and bl) 
The xylem strands were less distorted at lower than at 
higher inoculum levels. Xylem elements, however, occupieci a 
larger area at higher than at lower inoculum levpls, when spen 
in transverse section. Phloem strands were disc less distorted 
at lower tnan at higher inoculum levels. Phloem elements 'A'ere 
tound asbocidted with every giant cell cluster. Their amount 
was increased at higher than at lower inoculum level. (Fig. 52 
and 53). 
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DISCUSSION 
Dwarfing and stunting are the most commonly observed 
symptoms of root-knot disease. The damage caused by Meloidoqyne 
on growth of susceptible plants probably involves several mecha-
nisms. Nf^ 'iatodes remove plant nutrients, alter nutrient flow 
patterns in plant tissue, and retard root growth, all of which 
may contribute to suppressed plant yield (Hussey, 1985). Oteifa 
(1952) observed retarded shoot growth, and nutritional defici-
ency symptoms in the foliage of root-knot nematode infected 
plants. Hoot branching, and linear root extension were checked 
due to Meloidoqyne infection (Hunter 1958). He considered that 
reduced root surface area caused poor nutrient uptake which 
resulted in suppressed growth of the infected plants. At lower 
population densities plant growth was stimulated but at higher 
densities plant growth and yield were suppressed (Wallace, 1971). 
An inverse correlation between Meloidoqyne hapla density and 
crop yield of certain vegetables was evaluated by Olthof and 
Potter (1972) who estimated commercial losses upto 46 and o4% 
for onions and potatoes, respectively, at an inoculum level of 
28,OCX) J2 per plant. Barker (1977) assessed yield losses from 
3.7 to 19.9% due to M. arenaria. M. hapla. M. incognita and M. 
.1 avanica tor each tenfold increase in initial density for 
species. 
In this experiment plant growth in terms of root anc shoot 
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length, and root and shoot weight of the M. incognita infected 
plant was found to be adversely affected at higher inoculum 
levels than at lower inoculum levels. Reductions (significant 
at P = O.Ol) in length, weight of the plants at the highest 
inoculum level (Pi 1U,000 J2) were 73.1 and 60.7?^  respectively, 
when compared with uninoculated plants. Adverse effects on 
plant growth with increase in primary inoculum levels of 
Meloidogyne spp. have been reported by several workers : 
Christie, 1936; Krusberg and Nielsen, 1958; Waliace, 1969; 
Ferris, 1974; Barker and Olthof, 1976; Nordacci and Barker 1979; 
Kinloch, 1980; 1982; Rodriguez-Kabanana and William.s 1981; 
Appel and Lewis, 1984; Ibrahim and Lewis, 1985. The results of 
this experiment were found in accordance with the earlier 
reports. 
Dropkin (1954) inoculated tomato plants with a single 
juvenile and found that the galls were about of the same size. 
This led him to hypothesise that each nematode produces a 
finite response which is confined to the immediate vicinity of 
the parasite. From this observation and hypothesis, it was 
possible to predict the number of juveniles within a gall by 
measuring the size of the gall. But roots of heavily infected 
plants are -^ften so severely damaged that the individual galls 
coalese into amorphous masses containing large numbers of nema-
todes, then it becomes difficult to estimate, even approximate, 
number of nematocies in a large gall. 
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The data of this experiment reveal that number and size 
of the gall increased with increase in primary inoculum levels. 
This trend may be due to the fact that at higher inoculum 
levels more feeding sites were explored by large number of 
juveniles which resulted in increased number of galling on thp 
infected roots. At higher inoculum levels, enormously large 
galls were resulted when many juveniles oenptrated the same 
feeding site and caused multiple hypertrophic and hyoerplastic 
reactions. Ibrahim and Lewis (1985) also observed enhancea 
gall number in soybean with corresponding increase in initial 
population level of M. incognita. Si7.e of the gall increased 
witn increase in inoculum level on suscepilole hosts (McClure 
and Viglierchio, 1966; Arens et.. aj.** l9Bl). 
Number of ni iture females recovered per gram of root was 
increased with increase in initial inoculum level. This is 
also in accoroance with the hypothiesis ot Dropkin. At tne 
hignest inoculum level (Pi 10,000 J2), area of cross section ot 
the mature female was reduced as compared to that at lower 
inoculum levels. It may partly be aue to limited sunply ot 
fooo to cina partly to limited dvaildble space in the ti:.sue. 
/i/ith increase in inoculum levels number of egg masses pei 
plant were increased which is obvious as lower the inoculum 
level, lower will be number of mature females and consequently 
fever be +he egg masses, and higher the inoculum level and vice 
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versa. Number of eggs per egg mass significantly decreased 
at the highest inoculum level, however, at lower inoculum 
levels the differences in the number of eggs per egg mass were 
non-significant. It seems that size of the mature female and 
the number of eggs produced by it are interrelated. Limiteo 
food and space, probably, produced detrimental effects on the 
maximum development of the nematode and consequently on egg 
production. The main reason for less number of eggs is pfrhaos 
the insufficient nutrition. 
Meloidogyne incognita larvae induced 6-8 multinucleate 
giant cells in vascular tissue of luffa roots. The number 
increast^ to 12-14 when two nematode lying adjacently started 
feeding at the same feeding site. The number of giant cells is 
variable in different plants e.g., 3-6 in tomato (Christie, 
1936); 4-9 in sweet potato (Krusberg and Nielsen, 1958); 2-5, 
10-12 in Gardenia (Davis and Jenkins, I960); 5-9 in soybean 
(Dropkin and Nelson, 1960); 4-7 in Hibiscus (Littrell, 1966); 
4-5 in tifdwarf (Heald, 1969); 3-5 in barley (Ediz and Dickerson 
1976); 5-6 in Impatiens (Jones and Payne, 1978). The shape of 
giant cells, as observed in transeverse and longitudinal sections 
was circular, ovate, obovate to oblong. The giant cells were 
generally oblong because, according to Christie (1936), they 
arise from elongated cells which in normal development lead to 
the formation of vessels. The giant cells adjacent to thp 
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nematode head are larger as compared to those which are further 
from the nemdtocie. The giant cells are produced as a result of 
continuous stimulus received from the nematode (Bird, 1962). 
The giant cell nearest to the nematode head yets a direct sti-
mulus and hence larger than that which is away from the nematode 
head and gets an inairect stimulus. 
The site where giant cells are produced is occupied by 
parenchyma ray during normal development of t\',e root. The 
protophloem is crushed and pushed toward the periphery as a 
result of secondary growth. When giant cells and th"^  r.t-r. itode 
develop in the protophloem, they exert considerable pressure on 
the surrounding tissue resulting in abnormality in tfie neigh-
bouring cells and tissue. At higher inoculum levels average 
size of the giant cell is reduced. It may because at high 
inoculum aensity all the parenchyma rays are occupied by the 
giant cells and the nematode and usually more than one nematode 
are observed feeding dt the same site. At such instances 
pressure exerted by developing nematode and hypertrophic and 
hyperplastic reactions lead to small sized giant cells. 
At lower inoculum level, denser cytoplasm indicated that 
metabolites were sufficiently supplied to the giant cells oy 
the plant. Emptiness and much vacuolation in giant cells, at 
higher inoculum levels, showed that either supply of photo-
synthetes was not enough, or there was more demand by the nema-
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todes than its formation. Higher number of nuclei in the 
giant cells at lower inoculum level showed that the cells 
were quite active. But at higher inoculum level metabolic 
activity of the giant cells was probably suppressed due to 
diminished food supply. 
Higher metabolic rate of giant cell at lower inoculum level 
may be evidenced by observing higher number of deeply stained 
nuclei. Light stained nuclei at higher inoculum level indi-
cated a low metabolic rate of the giant cells. 
Formation of abnormal xylem as a result of root-knot 
nematode infection has been reported in almost all the histo-
pathological studies. Since there are several nematodes 
inducing giant cells at a particular site, at higher inoculum 
level, therefore, it is supposed that each nematode produces 
its own affect. This results in multiple hypertrophic and 
hyperplastic reactions, and also formation of abnormal xylem 
at various sites. Probably, combined effects of thesp reactionb 
stimulated abnormal xylogenesis. Increased phloem elements 
were probably due to higner number of giant cells which are 
associated with abnormal phloem elements produced as d result 
of hyperplastic reactions. 
Thus, with increase in initial inoculum level, len^ jth and 
weight of the plant were decreased, number and size of galls, 
number of mature females per gram root, and number of egg masses 
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per plant were increased, and size of the giant cell and 
number of eggs per egg mciss were decreased. Anatomical 
studies revealed that giant cell cytoplasm was dense at lower 
than at higher inoculum level. There was higher number of 
nuclei in the giant cells at lower inoculum level. At higher 
inoculum level amount of xylem and phloem elements wus 
increased. 
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SECTION II 
EXPERIMENT 2 
Histopathological responses of some varieties of Luffa 
cvlindrica to Meloidoavne incognita. 
In 'Aligarh different varieties of Luffa cvlindrica are 
grown. Most of these varieties are highly susceptible to 
Meloidoqyne incognita, a few of them, however, are less suscep-
tible. The varieties N.S.C., t-'aizabadi, Ghiya, Chikni, and 
Aligarh local are commonly grown Py the farmers. These 
varieties were studied to find any difference in morphology 
and anatomy as a result of root-knot nematode infection. 
MATERIALS AND METHODS 
The seeds of Luffa cvlindrica vars. N.S.C. (National 
Seeds Corporation, New Delhi), Faizabadi (Royal Seeds Corpora-
tion, Delhi), Ghiya (Delhi Seeds Corporation, Delhi), Chikni 
(Punjabi Seeds Corporation, Delhi), and Aligarh local (Aligarh 
Seeds Co., Aligarh) were axenised by NaOCl method (Koenning 
and Barker, 1985). The seeds of each variety were allowed to 
germinate on moist whatman filter paper in sterilized petri 
dishes of 10 cm diameter. The petri dishes were kept in an 
incubator at 30 C. After tnxee days, when the seeds sprouted, 
they were transferred to 30 cm diameter clay pots filled with 
autoclaved soil in the ratio of 7 clay : 3 sand : 1 manure. 
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After one week, the seedlings of each variety were inocu-
lated with lU, 100, 1,000 and 10,000 freshly hatched juveniles 
of Meloidoqyne incognita, as described in Experiment 1 of 
Section H . There were five replications for each treatment. 
Each set also comprised of uninoculated plants to serve as 
control. The pots were kept in glasshouse at 30-35 C ana were 
arranged in randomized complete block design. The plants were 
harvested 55 days after inoculation. The data for different 
parameters viz., length, fresh and dry weights of roots and 
shoots, number of mature females per gram root, size of the 
mature female, and size of the giant cell were collected as 
described in Experiment 1 of Section H , 
For final population (Pf), soil population was estimated by 
Cobb's decanting and sieving method, and root population was 
estimated by Blender-Baermann tray method (Hooper, 1985). 
Reproduction factor (Rf) was calculated by the formula : 
Rf - Pf 
where Pf is the final population and Pi is the initial population, 
Rate of population increase (RPl) was calculated by the formula 
Pf - Pi RPI = Pi 
for determining root-knot index, 0-5 scale was used (Barker, 
1985). 
For histopathological studies, galled roots were collected 
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at an interval of three days, from each variety maintained at 
an inoculum level ot 1,000 juveniles per pot. The galls were 
Wdshed free of soil, fixed in F.A.A., dehydrated through T.B.A. 
schedule, infiltrated and embedded in wax as described in 
Experiment No. 1 of Section 1. Sections of 10-12 jam thickness 
were obtained vvith the help of rotary microtome, ana stained 
with safranin and fast green (Sass, 1951). Anatomical detdils 
were observed under light microscope. 
OBSERVATIONS 
Root and Shoot Lengths : 
The roots and the shoots of uninoculated (control^ plants 
of Luffa cylindiica were much longer and scantily branched in 
var. Faizabadi; moderately long anci moderately branched in vars. 
N.S.C., Chikni anti Ghiya; and very short ann highly branched in 
var. Aligarh local. 
The root ana tne shoot lengths of Frjizabadi were not 
atfected upto Pi 1,000 J2, but were significantly roauced 
(P = 0.01) at highest inoculum level (Pi 10,COO J2). N.S.C. 
and Chikni exlUbited significant reductions at Pi 1,000 J2 and 
Pi 10,000 J2. In Ghiya the lengths remained unaffected at 
lu J2, significantly increased (P = O.Ol) at Pi 100 J2; and 
significantly decreased (P = 0.01) at Pi 1,000 J2 ana Pi 10,(X)0J2 
Root and shoot lengtns of Aligarh local were significantly 
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decreased at all the inoculum levels except at the lowest 
inoculum level (Pi 10 J2) (Tables 4,5,6,7 and S). 
Root and Shoot Weights : 
In comparison to control, fresh and dry weiqhts of roots 
and shoots of Faizabadi were not affected upto Pi 1,000 J2, 
however, significant reduction (P = 0.01) were observed at Pi 
10,000 J2. None of the five varieties exhibited any significant 
difference at Pi 10 J2 when compared with control. Root and 
shoot weights of N.S.C. and Chiknl were significantly decreased 
at Pi 1,000 J2 and Pi 10,000 J2 and were not changed at Pi 100 J2. 
Ghiya exhibited a significant increase (P = O.Ol) at Pi 100 J2 
ana significant reduction at Pi 1,000 J2 and Pi 10,000 J2. In 
Hligarh local, significant reduction were observed in root and 
shoot weights from Pi 100 J2 to Pi 10,000 J2 (Tables 4,5,6,7 andS). 
Root Galling : 
At Pi 10J2, galls were observed only in Aligarh local, 
however, in other varieties galling was not noticed. At Pi 100 
J2, there was no galling in Faizabadi, but in N.S.C, Ghiya and 
Chikin, the number of galls varied from 8 to 17, and in Aligarh 
local upto 28 galls were counted. At Pi 1,000 J2 there was not 
more than 13 galls in Faizabadi; 65-83 galls in N.S.C, Ghiya 
and Chikni; and more than 100 galls in Aligarh local. At Pi 
10,000 J2 there were more than 100 galls per plant in all the 
except in Faizauacii, where 50-53 galls were observea (Tables 4, 
5,6,7 and 8 /. 
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Number of Mature Females, Pf, Rf and RPI : 
Number of mature females per gram root recovered from 
Fdizabddi was minimum ana from Aligarh local was maximum at all 
the inoculum levels (Table 8 ). Final population (root + soil) 
of the nematodes was also minimum in Faizabadi and maximum in 
Aligarh local. Similarly, rate of reporudction (Rf) and rate 
of population increase (RPI) were also minimum in Faizabadi and 
maximum in Aligarh local. Pf, Rf and RPI values in N.S.C., 
Chikni and Ghiya were in between the values of Faizaoadi and 
Aligarh local, (Tables 4,5,6,7 and 8). 
Size of Mature Female and Giant Cell : 
Average size of the mature female and the giant cell was 
significantly sm.aller in roots of Faizabadi than in other 
Varieties. However, significant difference was not observed in 
size of the female and the giant cell among the roots of N.S.C. 
Ghiya, Chikni and Aligarh local.(Tables 4,5,6,7 and 8). 
Histopathology : 
In roots of Aligarh local, mature females were observed 
after 18 days, and females with egg masses after 20 days of 
inoculation. In N.S.C, Chikni, and Ghiya, the mature females 
were noticed between 24-27 days, and with egg masses after 
27-29 days of inoculation. In Faizabadi roots, mature females 
were evidenced after 35 days and with egg masses after 40 days 
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of inoculdtion. Most of the females in Faizabaai roots were 
having empty egg sacs even after 45 oays of inoculation 
(Fig. 56 ;. 
The juveniles that entered the roots established a success-
ful host-parasite relationship by inducing giant cells in all 
the varieties except in Faizabadi. In all the four varieties 
death and uisintegration of the nematode was not observed. In 
roots of Faizabaci, most of the juveniles induced giant cells 
but many of them tailed to do so and died. Death of the nematode 
v^ as observed at various stages of development. Some of them 
died at maturity just before egg deposition. The deao females 
were having distorted out-line and extremely vacuolated internal 
structures. The cytoplasm of the giant cell associated with the 
aead females v/as disintegrated (Fig. 55 ). 
When seen in transverse section, the nematoue ani the 
yiant cell were found in one (Fig. 57 ) or rarely two Odrenchy ^.a 
rays in Faizabadi roots. In other varieties, the nemcitot e anc 
the .jiant cells /v'ere found in all the four parenchyina rdys(Fig 61) 
Amount of abnormal xylem near the giant cells wus le s in 
Faizaoadi and more in other varieties (Figs. 56 and 61 ). Xylem 
arches were much disturbed in N.S.C., Ghiya, Chikni anci •vlit^ arh 
local ana less oisturbed in Faizabadi. Phloem stranos v.ere 
disturbed accordin.j to the numoer of infection 'sites in tne roots 
of all tne varleLics. In rootb of Faizabadi, longer ind \\ider 
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sieve tube eletnents were found near the giant cells. In other 
varieties tnere were smaller and narrower sieve tube elements 
near the giant cells.(Fig. 62). 
DISCUSSION 
Longer and sparsely branched roots of uninoculated plants 
o t FaiZdbadi variety, in comparison to other varieties, in^ iicated 
a faster and linear growth. Shorter and highly branched roots 
Mo ! 
of Aligarh local showed its spreading nature. Now significant 
differences in lengths, fresh and dry weights of roots and shoots 
of FaiZdbadi upto Pi 1,000 J2 may be attributed to its rpsistant 
character. Rapidly growing roots of Faizabadi,. probably, 
escaped the juvenile invasion. However, at Pi 10,00C J2 the 
plants were attacked by higher number of juveniles resulting in 
reduced plant length and veight. Significant reductions in 
lengths, fresh and dry weights of roots and shoots of Aligarh 
local even at Pi 100 J2 indicated that Aligarh local was highly 
susceptible. At Pi 1,000 J2 and 10,000 J2 the varieties M.S.C., 
Ghiya and Chikin were exhioiting similar pattern of growth 
reduction. A significant increase in length, fresh and dry 
weight of roots ana shoots of Ghiya may be due to certain chemi-
cals produced after infection which stimulated tne plant grov.'th. 
Meloidoqyne species usually affects the plant growth 
adversely. Low inoculum levels, however, have been found bene-
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ticidl to certain plants. Wallace (1971) reported an increase 
in root and shoot weights of cabbage, tomato and carrot at a 
density of 256-bl6 juveniles per pot. All these plants exhibited 
prominent galls. Stimulated growth of non-host plants of 
Meloidoqyne species has been reported Dy Madamba e_t a_l., (1965): 
Ulthof and Potter (1972). In this experiment Ghiya exhibited an 
enhanced grov.th (Hisamuddin and Siddiqui, i992b ) Aligarh local a 
reduced growth, whereas other .varieties did not sh.ow any significant 
change. 
In soybeans, resistance to root-knot nematode was attributea 
to their long tapering roots with few lateral branches which 
penetrated deeply into the soil and became wood in early plant 
development (Crittenden, 1954). In Faizabadi variety, the roots 
were longer and scatily branched and were, probably, out of 
reach of the juveniles. It is also supported by observinq root-
knot index. Root galling was minimum in Faizabadi than in other 
varieties, thus, suggesting that Faizabadi is a resistant 
variety. 
Minimum numbpr of females per gram root, ana lowest final 
population level in Faizabadi also suoportea that this variety 
showed resistant nature. Aligarh local was having maximum number 
of females ana niuhpst population level, and tn'us, WdS consic-ierea 
nighly susceptible. N.S.C., Gi.a.ya and Chikni were mocerdtely 
susceptible varieties. 
Anatomical oetails revealed thaL in FaiZuDadi roots. 
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nematode development was slowest whereas in Aliq^ irh local it 
was fastest. In other varieties the rate of nematode develop-
ment was faster than Faizabadi but slower than Aligarh local. 
In Faizabaoi roots^not only nematode development was oelayed nut 
also checked. It could be evidenced by observing dead neir.atodes 
at various developmental stages. In N.S.C., Ghiya, Chikni and 
Aligarh local,egg mass production was evidenced just after the 
maturity of the nematode. In FaiZabadi, egg mass production 
was either delayed or arrested. Incompatible responses of plants 
to root-knot nematodes vary in different varieties of the plants. 
Successful nematode development can not be indicated by merely 
gall formation (Golden and Shafer, 1958; Fassuolitis and Dukes, 
1972}. 
Formation of abnormal xylem is always associated with tne 
root-knot nemdtoue infection. Formation of xylem in larger 
amount in susceptible varieties seems to be due to more produc-
tion of chemicals responsible for abnormal xylem transformations. 
In resistant Variety, probably, these chemicals were pioduced 
in smaller cimounts, and hence fewer parenchymci cells were trans-
t orrned into abnormal vessel elements. 
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From these observations it may be concluded that Luffa 
cylindric Var. Faizabadi is least susceptible; Aliyarh local 
is most susceptible; and N.S.C, Ghiya and Chikni are 
moaerately susceptible varieties to Meloidoqyne incognita. 
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SECTION III 
EXPERIMENT 1 
The effect of deficiency or excess of nitro^ ,jen, phos-
phorus, and potassium on luffa, infected with root-knot 
nematode. 
The plants infected with root-knot nematoje and riefici-'^r.t 
in N, P or K are adversely affected (Oteifa, 19b2; Birc, IVor). 
The rate of cevelopment of Meloidouvne incognita was slow when 
plants were deficient in potassium (Oteifa, 1952). The rate 
increased as the potassium level was increased. Bird (I96CJ 
toanc rapio growth of M, javanica in nitrogen cieficient plants. 
Increase in root weight, and N, P and K contents has been r^ror-
ted by many v».orkers. N, P and K concentration in shoot either 
decreases (Haque e^ aJL., 1972) or remains unchanged (.Hunter, 195b), 
In this study root, stem and leaf weights of inoculated 
plants grown at various N, P and K levels were taken separately 
and were correlated with their N, P and K contents. Chlorophyll 
contents c: leaves were also estimated to check any effect ot 
deficiency or excess of these elements and root-knot nematodf 
infection on chloiophyll production. Size of the gall, the 
jiant cell and the mature female was measured at various I\I, P 
and K levels, and compared with normal level. Anatomy of root 
gall was observed at various nutrient levels and then compared 
witn galls at normal nutrient level. 
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MATERIALS AND METHODS 
Preparation of Test Plants : 
Surface sterilized (Koenning and Barker, 198b) seeds of 
Luff a cvlindrica (N.S.C., New Delhi) were soaked in water and 
allowed to germinate on Whatman filter paper placed in 10 cm 
diameter petridishes. The germinating seeds were transferred to 
7.5 cm diameter paper cups filled with acid leached and thorou-
ghly washed river sand. The seedlings were suppli'^ d with 25 ml 
of Long Ashton complete nutrient solution (Tables 9, 10) (Hewitt, 
1966), untiJ the seedlings reached a three leaf stage. The 
seedlings alongwith the sand were transferred to 20 cm diametpr 
polyethylene pots filled with acid leached and thoroughly washed 
sand. 
The pots were Divided into three groups (one group for 
nitrogen, phosphorus and potassium, each). The plants of oach 
group were supplied, daily, with 250 ml of nutrient solution 
maintained at 0, 1/2, 1, and 2,N, P, and K levels (Table 9 ). 
Each treatment was divided into two sub-groups; the plants of 
one sub-group were inoculated with 2,000 freshly hatched juveniles 
of Meloidouvne incognita. and of the other sub-group were kept 
uninoculdted to serve as control. The plants were watered when 
neeoed. The pots were arranged in a randomized complete block 
design at 30-35 C. There were five replications for each 
treatment. 
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Plant Growth : 
The experiment was terminated 40 days after inoculition. 
The plants were uprooted, washed thoroughly and yently, to 
remove any sand i rom the roots. hoot and shoot lengths of 
uninoculated and inoculated plants were measured with the n'^ lp 
of meter scale. The weights of roots, stems and leaves were 
tdken separcitely, and recorded. F^ oots, stems and leaves were 
put in buimboo envelopes and placed in an oven at 80 C for 48 h. 
These were weighed again to obtain dry weights. All the data 
were analysed statistically, by ANOVA, 
Size of the Gall, Mature Female and Giant Cell : 
The gall size was obtained with the help of meter scale by 
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measuring length and width (in mm ) of medium sized galls. 
Size of the mature female and the giant cell was measured by the 
method described by Bird (1970). 
Number of Egg Masses : 
In infected roots the number of egg masses were counter by 
staining with /Aqueous phloxin B (Barker, 1985). 
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Number of Eggs per Egg Mass : 
The number of eggs per egg mass was counted with the help 
of NaOCl method (Byrd _et aj,., 1972) as described in Experiment 1 
of Section II. 
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Histopathological Studies : 
Medium sized galls were selected from each treatment for 
histopathc-'jyical studies. The galls were fixed in F.A.A. for 
2-3 days and then dehydrated through T.B.A. The dehydrated 
galls were infiltrated with paraffin oil and wax and then embedded 
in paraffin wax. The galls alongwith the wax were shaped to 
small blocks by trimming. Sections of 10-12 |im were obtained 
with the help of rotary microtome. The sections were mounted 
on glass slides and then stored (Johansen, 1940). The sections 
were stained with safranin and fast green (Sass, 1951). These 
sections were studied under light microscope. 
Digestion of Root, Stem and Leaf Samples : 
For estimation of nitrogen, phosphorus and potassium, the 
root, stem and the leaf samples were digested according to the 
method of Lindner (1944). 
Oven dried samples of roots, stems and leaves were powdered 
with the help of mortar and pestle. The powder was passed 
through a 72 mesh, and spread on a clean sheet of paper. It was 
oven dried at 80 C for overnight. The dried samples wepp kept 
in a desiccator tor 15 minutes. 
100 my of nxy powder was taken in a 100 ml Kjeidahl 1 l.isk 
ana 2 ml of concentrated sulphuiic acid (.AR; was pipetted into 
it^followed by heating on Kjeidahl assembly for 2 h. The tlask 
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was cooled down for lb minutes and O.b ml of chemically pure 
hydrogen peroxide C30%j was added. The solution was heated 
again for about 30 minutes till the colour changed from black 
to yellow. The flask was cooled for lb minutes and 3-b drops 
of hydrogen peroxide (30/0 were added. The solution was heated 
tor lb minutes to get a clear and colourless solution. Excess 
of hydrogen peroxide was avoided as it would oxidise ammonia in 
the absence of organic matter. The peroxide digested solution 
was transferred to IbO ml volumetric flask with three washings 
with distilled water. Final volume was made up to the mark 
with distilled water. The aliquot was stored and used for the 
estimation of nitrogen, phosphorus, and potassium contents. 
Estimation of Nitrogen : 
For estimation of nitrogen Lindner (1944) method w^ is 
followed. 10 ml aliquot of the peroxide sample was transferred 
to a bO ml volumetric flask. 2 ml of 2.b N sodium hydroxicie and 
1 ml of IC^ sodium silicate were also added to tho flask to 
neutralise the excess of acid and to piever;'' turbidity, resnec-
tively. Volume of the solution was made up to the mark with 
distilled water. b ml of this solution was pipetted into a 20 
ml graduated test tube to which O.b ml of Nessler's reagent was 
added dropwise. The solution was shaken repoatedly. Final 
volume was made upto 10 ml with distilled water. After waiting 
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for 5 minutes, to get optimum colour development, percent 
transmittance of the solution was determined at 525 nm on a 
'Spectronic-20' colorimeter. A blank consisting of distilled 
water and Nesbler's reagent was run simultaneously. Standard 
curve was plotted using known dilutions of ammonium sulphate 
solution. The optical density of each sample was compared with 
that of the calibrated curve and nitrogen in each sample was 
calculated in terms of percentage on dry weight basis. 
Estimation of Phosphorus : 
For the estimation of phosphorus, Fiske and Subba^row 
(1925) method was followed. 5 ml aliquot of peroxide digested 
sample was taken in a 20 ml graduated test tube and 1 ml of 
molybdic acid was added carefully follwed by the adaition of 
0.4 ml of l-amino-2-naphthol-4-sulphonic acid. The colour of 
the solution turned blue. Distilled water was useo to make the 
final volume upto 10 ml. The solution was shaken and 
allowed to stand for about 5 minutes after which it was trans-
ferred to a colorimetric tube. The percent transmittance was 
read at 620 nm on a 'Spectronic 20' colorimeter. A blank was 
also run simultaneously. The standard curve was plotted by 
using known graded concentrations of monobcisic phosphate soJution, 
Estimation of Potassium : 
The potassium content in the digested leaf materil was 
estimated by flame photometer. 1 ml aliquot was suitably dilutPf' 
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with aistilled water in sample tube, A blank containing only 
distilled water was run simultaneously. The readings were 
compared with calibration curve plotted using known dilutions 
of a standard potassium sulphate solution. The potassium was 
termed on per cent basis. 
Estimation of Chlorophyll : 
For estimation of chlorophyll contents, 1 g fresh leaf 
pieces were crushed in mortar pestle containing 50 ml of 80/^  
acetone. The crushed material was filtered through Whatman 
No. 2 filter paper. The filtrate was transferred to 100 ml 
volumetric flusk and the volume was made up to the mark with 
80% acetone. The transmittance was read at 645 and 663 nm on 
'Spectronic 20' colorimeter. The amount of chlorophyll a, b 
and total chlorophyll was determined as mg/g fresh leaf weight 
according to formula given by MacLachlan and Zalik (1963). 
Nessler's Reagent : 
(a) 3.5 g potassium iodide was dissolved in 100 ml distilled 
water to which A% mercuric chloride was mixed with continuec 
stirring till a slight red precipitate remained. 
(bj 120 g of sodium hydroxide was dissolved in nistilled water 
and final volume made upto 250 ml. 
(c) Solutions (a) and (b) were mixed together diluted to 1 litre 
with distilled water. The solution was stored in an amber 
colourea bottle in refrigerator. 
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Molybdic Acid Reagent {2,'o%) : 
6.25 g amnaonium molybdate was dissolved in 75 ml ION 
R.SO . To this solution, 175 ml distilled water was added in 
order to get 250 ml of the above reagent. 
Aminonaphthol Sulphonic Acid : 
0.5 g l-amino-2-naphthol-4-sulphonic acid was dissolved 
in 195 ml 15% sodium bisulphite solution to which 5 ml of 20% 
sodium sulphite solution was added. The above solution was 
stored in a dark coloured bottle. 
A. EFFECT OF NITROGEN 
OBSERVATIONS 
V/hen compared with uninoculated plants at 1 N level 
^control), the plants were shorter at -N and 1/2N levels of 
both uninoculated ana inoculated plants. The plants were 
shortest at -N level of inoculated plants. The lower leaves 
of uninoculated plants were chlorotic at -N level ano pale 
green at 1/2 N level. In inoculated plants, the lower leaves 
were chlorotic at 1/2N level and pale green at IN level. How-
ever, at -N level, large necrotic areas were observed on the 
margins and interveinal areas of the leaves. At 2N level, the 
leaves were dark green in inoculated and uninoc ul.iteo plants. 
113 
In compaxison to control, reductions in lengths were 
observed in the roots of inoculated plants at all the N IPVCIS. 
hoots were longer in uninoculated than in inoculated plants at 
Ineii respective nutrient levels. Maximum rertuction (si'jnili-
cant at P = O.Ul) was observed at -N level of inoculated, 
tollowed by -N level of uninoculated plants. At 2N level the 
lengths significantly (P = 0.05^ decreased both in inoculuteci 
and uninoculated pl.ints (Table 11 }. In comprison to control^ 
the shoot lengths decreased at -N, 1/2N and IN It^ vels 
of inoculated and at -N and 1/2N levels of uninoculated plants. 
/\t 2N level a significant increase (P = O.Ol) in uninoculated 
plants, and a nonsignificant change in inoculated plants was 
observed. Maximum reduction in shoot length (significant at 
P = 0.01) was noticed at -N followed by 1/2N level of inoculated 
plants (Table 11 ). 
Fresh and dry weights of roots of inoculated plants 
increased in comparison to the roots of uninoculated plants at 
their respective nitrogen levels. When compared with control, 
significant re.;uctions (P = O.Olj were observed at -N and 1/2N 
levels of both uninoculated and inoculated plants, howev-r, a 
significant increase (P = 0.05) at IN and 2N levels of inoculated 
plants Was found. A significant reduction (P - O.Ob) in 
comparison to control was noticed at 2N level of uninoculated 
plants (Table 11 ). 
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Fresh and dry weights of stems of uninoculated and inocu-
lated plants decreased at -N, 1/2N and IN level when 
compared with control. The differences were not significant at 
2N levels of both uninoculated and inoculated plants. Maximum 
reductions (significant at P = O.Ol) were observed at -N levels 
of uninoculated and inoculated plants (Table 11 ). 
Fresh and dry weights of leaves exhibited a trend similar 
to fresh and dry v^ /eights of stems. Significant reductions were 
observed at -N, 1/2N and IN levels of inoculated and -N ond 
1/2N levels of uninoculated plants. There was a significant 
increase (P = 0.01) in leaf weight of uninoculated plants at 2N 
level, however, no significant difference was observed in inocu-
lated plants at the same level. Maximum reduction (significant 
at P = O.Ol) was found at -N level of inoculuted followed by -N 
level of uninoculated plants (Table H ). 
When compared with control, significant reductions (P - 0.01 
in nitrogen contents of roots of uninoculated and inocul.ited 
plants were observed at -N and l/2N levels. Significant 
increases (P = 0.05) at IN level of inoculated and (P = 0.01) 
at 2N levels of inoculated and uninoculated plants were found. 
Maximum reduction (significant at P = O.Ol) in N contents was 
noticed at -N level followed by 1/2N level of uninoculated plants 
(Table 12 ). 
Nitrogen contents of stems decreased at -N anc 1/2N 
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of uninoculated and -N, 1/2N and IN of inoculated plants, when 
compared with control. A significant increase (P = 0.01) in 
nitrogen contents v^ as found at 2N level of uninoculated plants, 
whereas, inoculated plants did not show any significant differe-
nce at 2N level. At their corresponding levels, N contents of 
stems of inr-'jlated plants were lower than of uninoculated plants. 
Maximum reduction, significant at P = 0.01, occurred at -N level 
of inoculated followed by -N level of uninoculated plants 
(Tablel2 ). 
The nitrogen contents of leaves at -N, 1/2N levels of 
uninoculated and -N, 1/2N and IN levels of inoculated plants 
decreased when compared with control. At 2N levels, the 
N contents of uninoculated (significant at P = 0.01) and of 
inoculated plants (significant at P = O.Ol) increased. The 
nitrogen contents of leaves decreased in inoculated plants 
when compared with those of uninoculated plants, at their 
corresponding N levels (Table 12 ). 
In roots, the phosphorus contents, of uninoculated plants 
remained unaffected when compared with control, however, in the 
roots of inoculated plants significant increuses were observed 
at all the N levels except at -N level in which a non signifi-
cant change was observed. Maximum increase (significant at 
P = O.Oi; in P contents was observed at 2N level of inoculated 
plants (Tablel2 ) . 
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Phosphorus contents of stems were negatively affected in 
inoculated plants than in uninoculated plants. A significant 
decrease (P = 0.05) was observed at -N level of uninoculated 
plants, whereas at 1/2N and 2N levels significant differences 
were not observed. The inoculated plants exhibited significant 
reductions at all the nutrient levels, when compared with 
control. Maximum reductions in P contents were observed at -N 
level followed by 1/2N level of inoculated plants (Table 12 ) . 
The phosphorus contents of leaves were more atfected in 
inocuiatea than in uninoculated plants. The P, contents of 
leaves decreased only at -N level of uninQCuldted plants; 
at other level significant differences were not observed. In 
comparison to control, significant reductions were observed 
in P contents of leaves of inoculated plants at all the '^ levels. 
The P contents oi leaves of inoculated plants were lower than 
of uninoculated plants at their corresponding N levels. Maximum 
reductions (significant at P = O.Olj in P contents were observed 
at -N level followed by 1/2N level of inoculated plc-ints 
(Tablel2 ). 
The potassium contents of roots of uninoculated plants 
decreased significantly (P = 0.05) at -N level and remained 
unaffected at 1/2M and 2N levels in comparison to control. The 
roots of inoculated plants exhibited significant increases at 
all the N levels v;hen compared with control. Maximum increase 
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was observed at 2N level of inoculated plants. K contents, 
in comparison to uninoculated plants, were higher in roots of 
inoculated plants at their respective N levels (Table 12 ). 
At different nutrient levels the stem of uninoculated 
plants showed non significant change in K contents in comparison 
to control. Inoculated plants at 2N level were also unaffecteo. 
The inoculated plants at -N, 1/2N and IN levels exhibited 
significant reductions in K contents. Maximum reduction was 
found at -N level of inoculated plants (Table 12 ). 
The potassium contents of leaves of uninoculated plants 
decreased significantly (P = 0.05) at -N level, whereas 
at other levels the differences were non significant. The 
leaves of inoculated plants exnibited significant reductions at 
-N, 1/2N ana IN levels, however, at 2N level, significant 
difference was not observed, when compared with control. Maxi-
mum reduction (significant at P = O.Ol) was observed at -N 
level follower by 1/2N level of inoculated plants (Tablrl2J. 
The chlorophyll contents (chlorophyll a, chlorophyll b, 
and total cnlorophyll) in leaves of uninoculated and inocul.ited 
plants decreased at different nutrient levels except at 
2N levels. At 2N level of uninoculated plants a significant 
increase (P = 0.01), and at 2N level of inoculated plants, a 
non signit iccint increase was noticed. Chlorophyll contents 
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decreased in leaves of inoculated plants when compared 
with that of uninoculated plants at their respective nutrient 
levels. Maximum reduction (significant at P = 0.01) was 
observed at -N level of inoculated plants (Table 12 ). 
The size of the gall was drastically reduced at -N level 
as compared to that at IN level. It was signi"! icantly smaller 
at -N level than that of other levels. The differences were 
non significant between gall size at 1/2N and IN, and 2N 
levels, however, at 2N level a significant increase (P = O.Ol) 
was observed when compared with that at 1/2N level (Table 11 }. 
The size of the giant cell formed in the galls of roots at 
-N level WdS significantly smaller as compared to those at 1/2N, 
IN and 2N levels. Significant differences between size of the 
giant cells formed in galls of plants at 1/2N, IN and 2N levels 
were not observed (Table 11). 
Average size of mature fem.ales was significantly reduced 
at -N level in comparison to those at l/2N, IN and 2N levels. 
The area of cross section of mature females at 1/2N, IN and 2N 
levels was not signiticantly different (Table 11 ). 
The number of egg masses per plant was significantly 
reduced at -N level in comparison to that at IN level. It Wds 
cilso significantly smaller at 1/2N level that at IN and 2N 
levels. Significant differences was not observed between the 
number at -N and at 1/2N levels (Table 11 ). 
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The number of eggs per egg mass was smaller at -N level 
and the difference was significant when compared with those at 
IN and 2N levels. The differences were non significant between 
-N and 1/2 levels, and IN and 2N levels (Table 11). 
At -N level, the nematode were either in developing stage 
(Fig. 64) or were mature but with empty egg sacs (Fig. 65). 
At 1/2N, IN and 2N levels, the giant cells were having dense 
cytoplasm. The nuclei and nucleoli were large at IN and 2N 
levels (Fig. 63, 66 and 67) and the mature seeds were associated 
with egg masses (Fig. 68). 
The vascular column in the galls at -N level was not as 
much disrupted as was observed at 1/2N, IN and 2N levels. The 
abnormal xylem elements were thin-walled at -N level (Fig. 64) 
and thickwalled at IN and 2N levels (Fig. 67), The sieve tube 
elements were longer and wider at -N level (Fig. 65) than at 
1/2N, IN and 2N levels. 
DISCUSSION 
Dwarfing and Stunting accompanied with chlorosis and 
necrosis of uninoculated Luff a cylindrica plants at -N and 1/2N 
levels may be due to nitrogen deficiency. The symptoms were 
more pronounced in infected plants, which indicated that nitrogen 
supply was checked and resulted in reduced plant growth. Shorter 
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roots and longer shoots at 2N level, in comparison to control, 
were the symptoms of excess of nitrogen. When nitrogen is in 
excess in the soil, the plants show vigorous groyvth of shoot with 
abundant foliage, but the roots are poorly developed (Salisbury 
and Ross, 1986^. Significant reductions in root and shoot lengths 
of inoculated plants, than uninoculated plants at respective N 
levels were, probably, due to disruption in translocations as a 
result of root-knot nematode infection. 
Significant reductions in root and shoot weights of both 
uninoculated and inoculated plants at -N and 1/2N levels, in 
comparison to control, may be attributed to the nitrogen defici-
ency. Significant increase in root weights of inoculated plants 
at IN and 2N levels, in comparison to control, were due to root-
knot nematode infection. It is further supported by observing 
increased root weights of inoculated plants than of uninoculated 
plants at respective N levels. 
Leaf and stem weights were decreased, due to nitrogen 
deficiency, at -N and 1/2N levels of both inoculated and unino-
culated plants. Significant reduction in stem and leaf weights 
of inoculated plants at IN and 2N levels may be attributed to 
root-knot nematode infection. 
Increase in root weights may be due to galling where 
hyperplasia and hypertrophy increases cell number and cell size. 
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This increase may also be due to nematode development. Tne 
infective juvenile when matures draws bulk of the nutrients 
(.Dropkin, 1972; Bird and Loveys, 197b; McCiure, 197/;. According 
to Bergeson (1966) root weights may be increased due to increased 
root absorption, impaired translocation to the foliage, or 
mobilization of minerals from shoots to roots. The present 
study supports the view of Bergeson. 
Significant reductions in nitrogen contents of roots, 
stems and leaves of both inoculated and uninoculated plants at 
-N and 1/2N levels may be attributed to nil or low supply of 
nitrogen to those plants. However, significant increases of N, 
P and K contents in roots and significant decreases in stem and 
leaves of inoculated plants than uninoculated plants, at respe-
ctive N levels, indicated that considerable amounts of these 
elements were checked in affected roots. Hunter (1958) observed 
accumulation of N, P, K and Mg in roots without any change in 
stems and leaves of root-knot nematode infected plants. Increase 
in N, P and K contents in roots and decrease in shoots have been 
reported by Davis and Jenkins (I960), Shafiee and Jenkins (1963), 
Bergeson (1966), Hague ejt aJ. (1972) and Nasr e^ aj,. (1980). 
This study support the latter view which is further supported 
by observing decreased chlorophyll contents in leaves of inocu-
lated plants. Uavide and Triantaphyllou (1967) obtained variable 
concentratxon of N, P, and K in roots and stems of infected 
plants. 
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A significant reduction in the size of the giant cell only 
at -N level indicated a suppressive role of nitrogen deficiency 
on giant cell development. A significant reduction in size of 
mature female, occurrence of empty egg sacs, and also presence 
of developing nematodes at -N level indicated that nitrogen 
unavailability not only suppressed plant growth and root galling 
but also retarded nematode development. Contrarily, Bird (1960) 
reported faster growth of M. javanica in nitrogen deficient 
tomato plants. On the other hand Hague et. ^ . (1972) found an 
increased rate of development of M. incognita with increase in 
nitrogen supply. 
From stained giant cell cytoplasm at -N level was probably 
due to low availability of nutrients. Presence of smaller 
nuceli and nucleoli showed that metabolic activities were slower 
at this level. Large and fragmenting nucleoli at 2N level 
indicated a rapid metabolic rate of the giant cell. 
Thin w-iiled vessel elements^ only at -N level indicated 
that nitrogen deficiency, probably, checked secondary wall 
deposition. At IN and 2N levels thick walled vessel elements 
inaicated that normal and excess of nitrogen favoured wall 
deposition. 
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Nitrogen deficiency caused elongation and widening 
of sieve tube elements at -N level and shortening and 
narrowing at 2N level. 
From this study it may be concluded that plant growth 
was retarded; N, P and K contents were increased in roots 
and decreased in stems and leaves; and chlorophyll contents 
were decreased in leaves of infected plants. Size of the 
gall, mature female and giant cells were reduced, number of 
egg masses per plant and number of eggs per egg mass were 
decreased in infected plants. Vessel elements became thin 
Walled, and sieve tube elements became longer and narrower 
at -N level of infected plants (Hisamuddin and Siddiqui, 
1991 a, b;. 
B. EFFECT OF PHOSPHORUS 
OBSERVATIONS 
The plants deficient in phosphorus were shorter and 
slender. The younger leaves were having dark green or bluish 
green interveinal areas, whereas older leaves were showing 
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necrotic interveinal areas. The plants grown in excess of 
phosphorus, though looked normal, but their shoots were shorter 
and the roots were longer, v/iipn romnared v,/ith control. The 
symptoms of phosphorus deficiency were more pronounceo in 
inoculated plants at -P lovel (Table 13). 
Shoot lengths, in comparison to control, significantly 
decreased at -P, 1/2P and 2P levels of uninoculated, and at all 
the P levels of inoculated plants. Maximum reduction (signifi-
cant at P - 0.01) in shoot length was observed at -P level of 
Inoculated plants. In comparison to uninoculated plants, the 
inoculated plants showed reduction in shoot lengths, at respective 
P levels (Table 13 ). 
In comparison to control, fresh and dry weights of roots 
ot uninoculated plants significantly decreased (P = 0.01) 
at -P and 1/2P levels, and significantly increased (P = O.Ol) at 
2P level. Hoot weights of inoculated plants significantly 
decreased (P - 0.05) at -P and 1/2P levels and significantly 
increased at IP (P = 0.05) ana 2P (P = O.Ol) levels, when compared 
with control. Root weight was maximum (significant at P = O.Ol) 
at 2P level of uninoculated plants, and minimum (significant at 
P = 0.01) at -P level of uninoculated plants (Table 13). 
Fresh and dry weights of stems of uninocuIdted and inocu-
lated plants significantly decreased .nt ull the P levels. 
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when compared with control. Maximum reduction (significant at 
P = O.Ol) in stem weight was observed at -P level of inoculated 
plants. Weights of stems of inoculated plants were lower than 
the weights of uninoculated plants at respectiye P levels. 
Weight of stem of inoculated plants at 2P level was lower than 
at 1/2P level of uninoculated plants (Table 13), 
Fresh and dry weights of leaves, when compared with control, 
were significantly reduced at all the P levels of uninoculated 
and inoculated plants. Maximum reduction in leaf weights 
(significant at P = 0,01) was observed at -P level of inoculated 
plants. Leaf weights of inoculated plants were lower than that 
of uninoculated plants at respective P levels. Leaf weights 
decreased in both uninoculated and inoculated plants at 2P level 
when compared with the weight at 1/2P level of uninoculated plants 
(Table 13). 
In roots of uninoculated plants,the nitrogen contents 
significantly decreased (P = O.Ol) at -P and 2P levels and 
increased, though nonsignificantly, at 1/2P level. Significant 
increases were observed in roots of inoculated plants at 1/2 P 
(P = 0.01) and IF (P = 0.05) levels. At -P and 2P levels, the 
roots exhibited a significant (P = 0.05) and a non significant 
decrease, respectively. The roots of inoculated plants showed 
significant increases in nitrogen contents at all the P levels, 
in comparison to those of uninoculated plants at respective P 
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levels. Maximum reduction (significant at P = 0,01) was observed 
in roots of uninoculated plants at -P level, and maximum increase 
(significant at P = 0.01) in inoculated plants at 1/2P level 
(Table 14). 
The nitrogen contents of stems and leaves of uninoculated 
plants significantly decreased at -P (P = 0.01) and at 2P 
(P = 0.05) levels. A non significant decrease was observed at 
1/2 P level, when compared with control. Nitrogen contents of 
stems and leaves of inoculated plants decreased signifi-
cantly at all the P levels, in comparison to control. Maximum 
reduction (significant at P = 0.01) was observed at -P level of 
inoculated plants. N contents of stems and leaves of inoculated 
plants were lower than those of uninoculated plants at respective 
P levels (Table 14;. 
Phosphorus contents of roots of uninoculated plants 
significantly decreased (P = O.Ol) at -P and 1/2 P levels. A 
significant increase (P = O.Ol) was observed at 2P level, when 
compared with control. In comparison to control, P contents of 
inoculated roots at -P and 1/2P levels, significantly 
(P = 0.01) decreased. Significant increases at IP level (P=O.Ob) 
and 2P level (P = 0.01) were found in roots of inoculated plants. 
Phosphorus contents were minimum in the roots of uninoculated 
plants at -P level and maximum in the roots of inoculated plants 
at 2P level (Table 14). 
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Phosphorus contents of stems and leaves of uninoculated 
plants significantly (P = 0.01) decreased at -P ana 1/2P 
levels, when compared with control. Significant increase 
(P = 0.01) in stems ana leaves of uninoculated plants was 
observed at 2P level. Significant reductions in phosphorus 
contents in stems and leaves of inoculated plants were observed 
at -P, 1/2P and IP levels, but at 2P level a significant 
increase (P = O.Ol) was observed, when compared with control. 
Reduction in phosphorus contents of stem and leaves was maximum 
at -P level of inoculated plants. The phosphorus contents of 
stems and leaves of inoculated plants were lower in comparison 
to tho5.e of uninoculated plants at respective P levels 
(Table 14). 
Signif i ^:.int reduction (P = 0.05) in K contents was observed 
in the roots of uninoculated plants at -P level, when compared 
with control. At 1/2P and 2P levels of uninoculated plants, non-
significant decrease and increase, respectively, were observed. 
In inoculated plants, the roots showed significant incrpases at 
IP (P = 0.05) and 2P (P = 0.01) levels, when compared with control 
The difference at 1/2P leaves of inoculated plants was non-signi-
ficant. Minimum K contents (signiticant at P = 0.01) were noticed 
at -P level of uninoculated plants, whereas maximum K contents 
(significant at P = 0.01) in the roots were found at 2P level of 
inoculated plants. Inoculated plants were having more K contents 
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in the roots than uninoculated plants at respective P levels 
(Table 14). 
Stems and leaves of uninoculated plants exhibited signifi-
cant reductions (P = O.Ob) in K contents at -P level. At 1/2P 
and 2P levels, the differences were non-significant when com-
pared with control. K contents significantly reduced in 
stems and leaves of inoculated plants at all the P levels than 
at control. The K contents were minimum (significant at P=0.01) 
in stems and leaves of inoculated plants at -P level. When K 
contents of inoculated plants were compared with those of unin-
oculated plants at respective P levels, reductions were observed 
in inoculated plants (Table 14), 
Chlorophyll contents (chlorophyll a, chlorophyll b, and 
total chlorophyll) decreased significantly in the leaves of 
uninoculated plants at -P and 1/2P levels, when compared with 
control. However, a significant increase was observed at 2P 
level of uninoculated plants. Chlorophyll contents in the leaves 
of inoculated plants, in comparison to control, significantly 
decreased at all the P levels. Chlorophyll contents were 
minimum in the leaves of inoculated plants at -P level. Inocu-
lated plants exhibited significant reductions in chlorophyll 
contents in the leaves when compared with those of uninoculated 
plants at respective P levels (Table 14 ). 
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Size of the gall was significantly reduced (P = O.Olj at 
-P level than at IP level. Differences were non significant 
between the size of the gall at IP level and at 1/2P and 2P 
levels. However, the gall size was maximum at IP level. Size 
of the giant cell" was also significantly reduced (P = 0.05) 
at -P level than at IP level. Whereas significant diffprences 
in the size of giant cell were not observed at other P levels 
(Table 13). 
Average size of mature female was significantly reduced 
(P ^ 0.01) in root galls of plants at -P level than at IP level. 
The size o: the mature females observed at IP level was maximum 
as compared to those at other P levels, however, significant 
Differences were not noticed at l/2P, IP and 2P levels (Table 13), 
Number of egg masses per plant was drastically reduced at 
-P level. Significant reduction in egg mass number was observed 
at -P (P = 0.01) and at 1/2P (P = 0.05) levels. At IP anc 2P 
levels the difference was non significant. Number of eggs per 
egg mass was decreased at -P and 1/2P levels that at IP and 2P 
levels. Reductions were significant at -P level (P - O.Ol) and 
at 1/2P level (P - 0.05). Number of egg masses per plant ana 
number of eggs per egg mass were minimum at -P level (Table 13). 
At different P levels, the development of nematodes was also 
greatly affected. The nematodes were either in developing stage 
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or if mature were having only empty egg sacs at -P level. None 
of the egg sac filled with eggs, Vvas observed. At 1/2P level 
the females were having egg sacs filled with eggs, but still 
considerable number of egg sacs were empty. At IP and 2P level 
all the females were having egg sacs enclosing eggs (Table 13}. 
The giant cells were small at -P level but the cytoplasm 
was evenly distributed and was having many vacuoles. At 1/2P, 
IP and 2P levels the giant cell cytoplasm was almost similar. 
It Was less vacuolated and stained densely. The nuclei at -P 
level were small, and at other levels were larger and were 
enclosing hypertophied nucleoli (Table 13^. 
The vascular strands were equally disrupted, and observed 
as scattered patches when seen in longitudinal section. At -P 
level parenchyma cells were having wide intercellular spaces(pig .73 
Wide intercellular spaces were also observed in the phloem region 
at -P level. In the phloem region parenchyma cells were more 
abunaant. Sieve tube elements were having well marked slime 
plugs. Parenchyma as well as sieve tube elements, at -P level 
were small sized in comparison to those at 1/2P, IP and 2P 
levels (Fig.74 ). 
Vessel elements of xylem strands were thin walled at -P 
level than at other P levels. Vessels elements of abnormal 
xylem were also thin walled at -P level. Production of abnormal 
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xylem, at -P level, was less in comparison to that at IP and 2P 
levels. Abnormal xylem was also thin walled at l/2P level. 
DISCUSSION 
Plant lengths of uninoculated plants were decreased with 
decrease and increased with increase in P contents, when 
conpared with control. The reduction in plant lengths were more 
pronounced when phosphorus deficiency was accompained with 
nematode infection. According to Millikan (1953) shoot to root 
ratio may be decreased due to phosphorus deficiency as was 
observed in subterranean clover. 
Root lengths at -P and l/2P levels of both uninoculated 
and inoculated plants were decreased mainly due to phosphorus 
deficiency but at normal P level the decrease in length may be 
attributed to the nematode infection. At 2P level significant 
increase in root length of uninoculated plants was due to excess 
of phosphorus. If excess of phosphorus is provided to the 
plants, root growth, relative to shoot growth is often increased 
and a low shoot : root ratio is resulted (Salisburry and Ross, 
1986). Root length of 2P level of inoculated plants was not 
suppressed even by the nematode infection. This is further 
supported when root length at 2P level of inoculated plants is 
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compared with the root length of uninoculated plants at any of 
the phosphorus level. 
Pho;sphorus either in excess or in low amounts in the soil 
caused the suppression of shoot lengths of uninoculated plants, 
relative to control. Nematode infection further deteriorated 
plant growth conditions and ultimately resulted in shortening 
of shoot lengths in comparison to the shoot lengths of uninocu-
lated plants at the same P levels. Inoculated plants at -P level 
were shortest, obviously due to phosphorus deficiency alongwith 
the nematode infection. In inoculated plants, nematode infection 
seems to be the main cause of suppression of the shoot growth, 
which can be evidenced by comparing the shoot lengths of inocu-
lated plants at all the P level, with that of control. The 
suppressive effect of nematodes is evident at all the P levels 
seems to be equivalent to that of uninoculated, phosphorus defi-
cient plants at -P level. Excess of phosphorus does not contri-
bute in eliminating the suppressive effect of grov'.th caused by 
nematode infection as can be seen by compdring the shoot length 
of uninoculated plants at 2P level with that of inoculated plants 
at the same level. 
Fresh and dry weights of roots were decreased with 
decrease and increased with increase in P levels. Tnis indicates 
that phosphorus plays an important role in root growth. Signifi-
cant reductions in root weights of uninoculated plants at -P and 
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l/2P levels in comparison to control and perhaps due to 
phosphorus deficiency in the soil. But, slight enhancement in 
root weights of inoculated plants at these levels may be due to 
more absorption of nitrogen by the roots. This benefitted the 
nematode, which resulted in root galling and consequently 
increased fi-^e root weights. Inorganic nitrogen compounds are 
.rapidly absorbed and accumulated in plant tissues when the avail-
dDle phosphates are low (Meyer _et a_l. I960). Significant increase 
in root weights at 2P level of uninoculated and inoculated 
plants is due to excess of phosphorus, because when phosphorus 
is abundant in soil it increases root to shoot ratio. A signi-
ficant decrease in root weights at 2P level of inoculated plants 
in comparison to that of uninoculated plants at the same level 
is, probably, due to low nitrogen uptake. Nitrogen in lower 
amounts in the roots may affect the nematode adversely and 
diminish the effects of nematode infection. When available phos-
phates are abundant in the rooting medium, the absorption of 
inorganic nitrogen compound is depressed (Meyer e_t ^ . I960). 
Deficiency or excess of phosphorus affects the shoot growth 
negatively, which can be evidenced by comparing their v^ -eights 
with that of control. Significant reduction in fresh and dry 
weights of stems and leaves of uninoculated plants at -P and 
1/2P levels were mainly due to phosphorus deficiency, as the 
plants deficient in phosphorus show reduced growth rate. However, 
in inoculated plants further decrease in weights may be attributed 
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to nematode infection because of which translocation of 
mineral nutrients is disrupted. At 2P level, fresh and dry 
weights of stems and leaves of uninoculated plants were signi-
ficantly decreased. It may be due to the interference of 
excess of phosphorus with nitrogen absorption. When nitrogen 
is absorbed in low amounts shoot growth is decreased. Further 
decrease in weights of stems and leaves of inoculated plants at 
2P level may be due to nematode infection. In comparison to -P 
and 1/2P levels of uninoculated plants, non significant differ-
ences at all P levels of inoculated plants indicate that shoot 
growth was not enhanced by increase or decrease in P contents of 
inoculated plants. 
An increase in nitrogen contents of inoculated roots and 
decrease in above ground parts, in comparison to control, may be 
due to accumulation in roots and imparled translocation to snoots 
Significant oecrecjse in phosphorus contents of roots of unino-
culdted plants at -P level may be due tononavailability of 
phosphorus in the rooting medium, which in inoculated plants was 
not enhanced by nematode infection. At l/2P level of uninocu-
lated plants, a significant increase in nitrogen contents, in 
comparison to -P level, and non significant in comparison to 
control may be attributed to low phosphorus level in the soil 
which causes an increased nitrogen aosorption. However, at 1/2P 
level of inoculated plants a significant increase in nitrogen 
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contents in -comparison to control, may be due to low phosohorus 
as well as nematode infection, the former causes a higher uptake 
and the later causes accumulation in roots as a result of 
impaired upward translocation. At 2P level of uninoculated plants 
a significant decrease in nitrogen contents of roots seems to be 
due to low uptake of nitrogen because of excess of phosphorus in 
the soil. At 2P level of inoculated plants although there was a 
non significant difference in comparison to control. However, 
as compaired to uninoculated plants at 2P level a significant 
increase in nitrogen contents indicates a higher uptake and 
accumulation in the roots as a result of nematode infection. 
In stems and leaves of uninoculated plants at -P level 
significant reductions in nitrogen contents may be due to lack 
of phosphorus in the soil which may result in low nitrogen up-
take. At 1/2P level a non significant difference in comparison 
to control may be attributed to low phosphorus level in soil 
which causey a high nitrogen uptake. At 2P level, a significant 
decrease in nitrogen contents of stems and leaves is probably 
due to high phosphorus level in the soil which results in low 
nitrogen absorption. At -P, 1/2P, IP and 2P levels of inoculated 
plants the decrease in nitrogen contents in comparison to those 
of uninoculated plants at corresponding P levels inclicates a 
disruption in translocation as a result of nematode infection. 
In phosphorus contents, the significant decreases in the 
I3fi 
roots of uninoculated and inoculated plants at -P and l/2P 
levels, in comparison to control, were due to deficiency of 
phosphorus in the soil. However, due to nematode infection, 
phosphorus contents significantly increased in inoculated 
at I/2P level in comparison to that of uninoculated plants at 
the same P level. At IP and 2P level of uninoculated plants a 
significant increase may be due to abundance of phosphorus in 
the rooting medium, whereas further increase in inoculated plants 
seems to be due to nematode infection. 
Phosphorus contents in stems and leaves of uninoculated 
and inoculated plants were decreased with decrease and increased 
with increase in phosphorus levels in the soil. Phosphorus 
deficiency in the soils of uninoculated and inoculated plants 
at -P and 1/2P level caused significant reductions in phosphorus 
contents ol stems and leaves. In comparison to 1/2P level of 
uninoculated plants, a significant decrease in inoculated plant 
at the sam( level, may be attributed to nematode infection. 
Significant increases at 2P level of uninoculated plants appear 
to be aue to higher absorption from the soil and consequently 
higher translocation to the shoots, however, in inoculated plants 
at this level the pnosphorus contents were significantly higher 
that,control and significantly lower than that at 2P level, 
wnich indicate an impaired translocation to the stems and leaves 
aue to nematode infection. 
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Potassium contents in the roots of uninoculated plants 
were reduced siynificcintly only at -P level, probably because 
of unavailability of phosphorus in the medium. The potassium 
contents were not very much influenced by nematode infection as 
has been observed in inoculated plants. Non significant 
differences at other phosphorus levels of uninoculated plants 
indicate a non interference of low or high phosphorus concen-
trations, in the soil, with potassium absorption. In inoculated 
plants, significant increases in K contents in tho roots at IP 
and 2P levels seemed to be due to more absorption accompained 
with accumulation in the root as a result of nematode infpction. 
In stem and leaves, significant reductions in potassium 
contents at -P level of uninoculated plants in comparison to 
control indicate a low translocation toward the shoot cue to 
low availability in the soil. At other P levels of uninoculated 
plants, non significant oifferences in K contents show that 
potassium has been absorbed effectively, ano distributed equally 
in all plants parts irrespective of low or high phosphorus level 
in the rooting medium. In inoculated plants, higher rrductions 
in potassium contents of stems and leavos at -P and 1/2P levels 
may be due to low uptake follov/ed by high accumulation in the 
roots dS a result of nematode infection which caused on im.balance 
in the distribution of potassium through-out the plant. At 
normol and 2P levels,the significant reductions in K contents 
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in stem and leaves may be due to disturbed anatomy and physio-
logy of the infected roots. 
In uninoculated plants, the significant reduction in chloro-
phyll pigments at -P and 1/2P levels may be attributed to low P 
concentration in the soil which caused more or less, deficiency 
of the essential elements, nitrogen and potassium in Lhe loaves. 
Further reduction of these pigments in inoculated plants indicate 
that these elements become more scarce in the leaves, because of 
nematode infection, and hence result in lov>/ production of chloro-
phyll molecules. Af2P level of uninoculated plants, a signifi-
cant increase in chlorophyll pigments show that phosphorus ana 
potassium probably, have contributed in more chilorophy 11 formation, 
On the other hano, significant reduction in inoculated plants at 
2P level seems to be due to nematode infection which caused an 
impaired translocation of N, P and K to the leaves and thus 
resulted in under proauction of chlorophyll pigments. It can 
also be evidenced when a marked decrease in chlorophyll pigments 
is observed at normal N, P and K levels in inoculated plants. 
Tne size of the giant cell was not affected considerably 
with increase or Decrease of phosphorus level in the soil. 
However, a significant decrease in size of the giant cells in 
tne plants grown in a nutrient meoium having no phosphorus was, 
probably, aue to unavailability of phosphorus and paucity of 
other essential elements which were not absorbed in normal 
i3y 
amounts. Non significant differences in size of the giant cells 
at low or high P levels show that infected roots are not defi-
cient in any of the elements. At low P level more nitrogen, and 
at high P level,less of the nitrogen is absorbed. In either 
case the parasite is equally benefitted, as infected roots absorb 
nutrients in larger amounts to compensate extra demands as a 
result of nematode infection. It is further supported when a 
non significant change is observed in the size of mature females 
at various P levels. 
Number of egg masses per plant was also significantly 
decreased only at -P level indicating an interference of phos-
phorus in egg mass formation. A similar result was also observed 
when number of eggs per egg mass were compared at various P 
levels. It shows that presence or absence of pnosphorus may 
influence positively or negatively on the size of the giant cells 
number of egg masses per plant and number of eggs per egg mass. 
Developing nematodes or nematodes with empty egg sacs at 
-P level indicated a slow rate of nematode development. Bird 
(,1960j on the other hand reported a rapid rate of Meloidoqyne 
.1 avanica development on tomato, at P level. Ueticiency (1/2 P 
level; or excess ^2P level) ot phosphorus did not aftect nema-
toae development. 
Phosphorus unavailability also affected giant cell develop-
ment and resulted in less dense and more vacuolated cytoplasm. 
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Small sized nuclei and nucleoli were probably due to deficient 
nutrient supply. However, at 1/2P and 2P levels the affect were 
not pronounced and appeared similar. 
At 1/2P and 2P levels vascular elements were similar to 
those found at IP level. At -P level however, abundant paren-
chyma with wide intercellular spaces in the phloem region, and 
thin walled vessel elements indicated an anatomical phosphorus 
deficiency symptom. Lyon and Garcia (1944) found that phosphorus 
deficiency leads to thin walled xylem elements and formation of 
undifferentiated parenchyma in phloem region in tomato. 
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C. EFFECT OF POTASSIUM 
OBSERVATIONS 
The plant length decreased at low and increased at 
high K level. The plants were shortest at -K level of inocu-
lated plants and longest at 2K level of uninoculated plants. 
The plants grown at 1/2K level exhibited chlorotic margins in 
leaves of uninoculated plants. Inoculated plants at 1/2K level 
also showed chlorotic margins, but chlorotic areas were larger. 
At -K level of both uninoculated and inoculated plants, chlorotic 
areas were associated vvith necrotic margins. 
. In comparison to control, the root and the shoot If^ ngths 
of both uninoculated and inoculated plants significantly 
(P = 0.01) decreased at -K and 1/2K levels. At 2K level, 
uninoculated plants exhibited a significant increase (P = 0.01) 
in root length, but inoculated plants remained unaffected. At 
IK level, in comparison to control, roots of inoculated plants 
showed a significant decrease (P = 0.05). Root lengths of 
inoculated plants, in comparison to uninoculated plants, 
decreased at respective K levels (Table 15). 
The shoot lengths, when compared with control, signi-
ficantly decreased (P = 0.01) at -K and 1/2K levels. At IK 
level, the inoculated plants, in comparison to control, exhibited 
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a significant decrease (P = 0.05). At 2K level, a significant 
increase (P = 0.05) was observed in shoot length of uninoculated 
plants, but the shoot length of inoculated plant remained un-
affected. Shoot lengths of inoculated plants than of uninoculated 
plants decreased at respective K levels (Table 15 }. 
Fresh and dry weights of roots of uninoculated and 
inoculated plants at -K and 1/2K levels decreased signifi-
cantly (P = 0.01), when compared with control. A non significant 
increase in root weight was noticed at 2K level of uninoculated 
pldnts. Inoculated plants exhibited significant increases 
(P = 0.05) at IK and (P = 0.01) at 2K levels. Root weights of 
inoculdted plants, in comparison to uninoculated plants, 
increased at respective K levels (Table 15). 
Fresh and dry weights of stems and leaves of uninoculated 
and inoculateu plants at -K and 1/2K levels significantly 
(P = 0.01) decreased, when compared with control. Significant 
reductions (P = 0.05) were observed in weights of stems of inocu-
lated plants at IK level. At 2K level the reduction was non-
significant. Stem weight of uninoculated plants significantly 
increased (P = 0.01) at 2K level, when compared v/ith control. 
Leaf weight of inoculated plcints, in comparison to control 
decreased significantly (P = 0.05) at IK level and non-signifi-
cantly at 2K level. A significant increase was observed in Iraf 
weight«funinoculated plants at 2K level. Stem and leaf weights 
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of inoculated plants were lov^ er than of uninoculated plants 
at respective K levels (Table 15 ). 
Nitrogen contents of roots, when compared with control, 
decreased significantly (P = O.Ol) at -K level of inoculated 
and uninoculated plants. At 1/2K level, uninoculated plants 
exhibited a significant decrease (P = 0.05) and inoculated plants 
showed a non significant decrease. At IK level of inoculated 
plants a significant increase was observed. At 2K level, unino-
culated plants showed a significent increase (P = 0.01), in 
comparison to control. There was also a significant increase 
(P = 0.01) at 2K level of inoculated plants. Nitrogen contents 
of roots of inoculated plants were higher than of uninoculated 
plants at respective K levels (Table 16 ). 
Nitrogen contents of stems and leaves of uninoculated and 
inoculated plants significantly decreased at -K and 1/2K 
levels, when compared with control. Inoculated plants at IK 
level, in comparison to control, exhibited significant reductions 
in nitrogen contents of stems and leaves. At 2K level, increases 
were observed in stems and leaves of uninoculated plants, and 
reductions in inoculated plants. Nitrogen contents in stem and 
leaves were lower in inoculated plants than in uninoculated plants, 
at respective K levels (Table 16 ). 
Phosphorus contents of roots, in comparison to control, 
significantly decreased at -K and 1/2K levels of both uninoculatod 
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and inoculated plants. There was a significant increase (P=0.01) 
dt IK level of inoculated plants. At 2K level, significant 
increases were observed in both inoculated and uninoculated 
plants, when compaired with control. Phosphorus contents were 
higher in roots of inoculated plant than uninoculated plants, at 
respective K levels (Table 16 ) , 
Phosphorus contents of stems and leaves of uninoculated 
and inoculated plants, when compared with control, "Signi-
ficantly decreased at -K and 1/2K levels. fKt IK level, the 
inoculated plants exhibited a significant reduction. At 2K 
level, there was a significant increase (P = O.Olj in phosphorus 
contents of stems and leaves of uninoculated plants, and a 
significant decrease (P = 0.05) in inoculated plants, when com-
pared with control. Phosphorus contents of stems and leaves 
were lower in inoculated than in uninoculated plants at respective 
K levels (Table 16). 
Potassium contents of roots, when compared '-ith control, 
were lower at 1/2K level of both uninoculatea ami inocul.atea 
plants. At -K level of inoculated and uninoculated plants, 
potassium was only in traces. At 2K level, increases were 
significant (P = O.Ol) in both inoculated and uninoculated plants. 
Potassium contents were higher in inoculated than in uninoculaf^c 
plants at respective K levels (Table 16 ). 
In stems and leaves of uninoculated and inoculated plants, 
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the potassium contents were in traces at -K level, when 
compared with control. Potassium contents, in comoarison to 
control, significantly decreased (P = O.Ol) at 1/2K level, 
and significantly increased (P = 0.01) at 2K level, of inocula-
ted and uninoculated plants. In inoculated plants, the 
potassium contents were lower in stems and leaves tnan in 
uninoculated plants, at respective K levels (Table 16 ). 
In comparison to control, chlorophyll contents (chlorophyll '^ 
chlorophyll b, and total chlorophyll) of leaves of uninoculated 
and inoculated plants decreased at -K and 1/2K levels. At IK 
level of inoculated plants a significant decrease (P = O.OS) 
was observed. A significant increase was observed at 2K level 
of uninoculated plants, whereas inoculated plants did not show 
any significant increase. Chlorophyll contents were lower in 
inoculated plants than in uninoculated plants, at respective K 
levels (Table 16). 
Size of the gall, when compared with that at IK level, 
was significantly decreased at -K (P = 0.01) and at 1/2K (P^0.05) 
levels. However, it was significantly increased (P = O.Ol) at 
2K level. Giant cells formed in the galls were also signifi-
cantly small or at -K (P = 0.01) and 1/2K (P = 0.05) levels 
than at IK level. At 2K level their size was significantly 
increased (P = U.05) than at IK level. The difference was also 
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significant (P = 0.01) between the sizes of giant cells at -K 
and at 1/2K levels (Table 15 ). 
Average size of mature female was significantly decreased 
at -K level (P = 0.01) and at 1/2K level (P = 0.05) than at IK 
level. A significant increase (P = O.Ol) was observed at 2K 
level when compared with that at IK level. The difference was 
non significant between the size of the female at -K level and 
at 1/2K level (Tdble 15). 
Number of egg masses per plant were significantly decreased 
at -K level (P = 0.01) and at 1/2K level (P = 0.05). A signi-
ficant increase was observed at 2K level (P = 0.05), in corapjrison 
to that at IK level. In comparison to -K level a signific.jnt 
increase (P ^^ 0.05) was noticed at 1/2K level (Table 15 ). 
The number of eggs per egg mass, also exhibited a pattern 
similar to the number of egg masses per plant. Significant 
reductions were observed at -K level (P = 0.01) and 1/2K level 
(P = 0,05) in comparison to IK level. The number of eggs per 
egg mass was significantly increased (P - 0.01) at 2K level. A 
significant increase (P = 0.05) was noticed at 1/2K I'^ vel when 
compared with that at -K level (Table 15 ). 
The serial sections of the galls revealed that the npma 
todes were all maturp, but most oi thorn were n^ving empty egg 
sacs, at -K level (Fig. 69), Very few of the females were 
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having egg sacs with eggs. At 1/2K level, though most of the 
females were having egg sacs with eggs, but a few were still 
having empty egg sacs. At IK and 2K levels, all the females 
were having egg sacs with egg masses (Fig. 70). 
The giant cells associated with the females at -K level 
were small and highly vacuolated. The giant cell cytoplasm 
stained lightly in comparison to that at IK and 2K levels 
(Fig. 72). At 1/2K level, the giant cell cytoplasm was vacuo-
lated to a lesser extent than at -K level. At 2K level, the 
cytoplasm of the giant cell was much granular and very dense and 
the nuclei and the nucleoli were having stained. 
At -K and 1/2K levels, the vascular strands were not as 
much affected as at IK and 2K levels. The xylem elements at 
-K and 1/2K levels were making more or less continuous connec-
tions. However at IK and 2K levels enormous amount of metaxylem 
elements were seen as irregularly scattered patches. At -K 
leveljparenchyma cells were dominating near the giant cells 
(.Fig. 71). At -K and 1/2K levels, vessel elements or metaxylem 
and abnormal vessels were thin walled as compared to those at 
IK and 2K levels. Abnormal xylem was abundant near the giant 
cells at 2K level (Fig. 72). 
At -K level, near the giant cells more phloem elements 
were observed. The sieve tube elements were small sized and 
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were intermingled with parenchymatous cells. In general, 
parenchyma was dominating near the giant cells. At 2K levels 
the phloem elements were wider and longer than at 1/2K and IK 
levels. 
DISCUSSION 
Significant reductions in root and shoot length at -K 
and 1/2K levels of uninoculated plants may be attributed to 
the deleterious effects of potassium deficiency on plant growth. 
Further decrease in root and shoot lengths of inoculated plants 
at these levels may be due to nematode infection. Reduction in 
plant length due to nematode infection is further supported by 
comparing root and shoot lengths of uninoculated and inoculated 
plants at respective K levels. Potassium increased root and 
shoot lengths when it was in excess, it is evident by observing 
a significant increase at 2K level of uninoculated plants. 
Excess of potassium enhanced root and shoot length of inoculated 
plants upto the level of control. 
Fresh and dry weights of roots, similar to^root lengths, 
indicated harmful effects of potassium deficiency at -K and 1/2K 
levels. There was a slight increase in root weight of inocula-
ted plants than uninoculated plants at these levels. But this 
increase could not compensate the loss caused by potassium 
deficiency. By comparing root lengths and root weights of 
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inoculated with that of uninoculated plants at respective K 
levels, it became evident that nematode infection decreased 
the length but increased the weight of roots. 
Deficiency of potassium resulted a decrease in weights 
of stems as well as leaves at -K and 1/2K level^ s^. Decrease 
in leaf and stem weights of inoculated plants at IK and 2K 
levels was probably due to nematode infection. Excess of 
potassium seems to be responsible for an increase in leaf and 
stem weight of uninoculated plants at 2K level. 
Increase in root weights and decrease in stem and leaf 
weights of inoculated plants respective K levels indicated that 
nematode infection caused this imbalance. Nematode infection 
probably increased absorption of mineral nutrients by the root 
system and disruption in its upward translocation. These two 
factors seemed to be responsible for enhanced root galling and 
consequently increased root weights. Reductions in leaf and 
stems weight were, probably either due to ascent of sap in low 
amounts or 'due to downward translocation of metabolites in 
higher amounts. 
Better crops had been reported in root-knot nematode 
infested fields by Bessey (1911) when potassium was supplied in 
excess to these crops. Increase in potassium level in rooting 
medium enhanced growth of lima bean when infected with 
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M. incognita (Oteifa 1952). Egg-plant, tomato, and okra 
exhibited an increase in root and shoot weights of M. incognita 
inoculated and uninoculated plants, with an increase in potassium 
level (Hague et a^., 1974). 
By observing nitrogen, phosphorus and potassium contents, 
it was found that these elements were increased in roots and 
decreased in stems and leaves of infected plants. Infected 
plants absorb N, P, and K in greater amounts which is accumulated 
in the roots cue to impaired translocation (Hunter, 1958; Maung 
ana Jenkins, 1959; Shafiee and Jenkins, 1963; Bergeson, 19o6; 
Nasr et &l., 1980). 
In uninoculated plants significantly decreased N and P 
t 
contents in roots at -K and 1/2K levels, and significantly 
increased at 2K level indicated that potassium played an impor-
tant role in N and P absorption. From these observations it 
may oe suggested thdt reductions in root weights at -K and 1/2K 
levels were not only due to potassium deficiency but also due 
to lowered uptake of nitrogen and phosphorus. And, increased 
root weights at 2K level were not only due to excess of pota-
ssium but also due to nitrogen and phosphorus which were absorbed 
in higher concentration. Such a trend was also observed in 
roots of inoculated plants. 
Hole of potassium in N and P uptake was also observed in 
stems and leaves. Nitrogen and phosphorus were in lower con-
centration in leaves and stems of uninoculated plants at -K and 
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1/2K levels. Decreased concentration of N, P and K, probably, 
checked the plant growth. It may be evidenced by observing 
loss in weight of leaves and stems at these levels, when 
compared with control. Higher potassium level in uninoculated 
plants resulted an increased up-take of nitrogen and phosphorus. 
Enhanced N, P and K resulted in better growth of plants and 
consequently increased weights of stems and le,aves. 
Inoculated plants exhibited a similar trend in leaf and 
stem weights as was observed in uninoculated plants at -K, 1/2K 
and 2K levels. Nitrogen and phosphorus contents were decreaseci 
in stems and leaves of inoculated plants at IK level, flecuc-
tions were also observed, at respective K levels, in stem and 
leaves of inoculated plants, in comparison to uninoculated plants. 
These reductions in stems and leaves are in accordance with 
their weights. Thus, increase in weight, N, P, and K contents 
of roots, and decrease in weight, N, P and K contents of sterns 
ana leaves, suggest that nematode infection, prooably, checked 
upward tranlocation of essential elements. Deficiency of pota-
ssium aid not help in increasing the growth of inoculated pl.jnts. 
Excess of potdssiuni increased the weight of inoculated plants, 
but this increase was more in roots than in shoots. 
Chlorophyll pigments (chloroohyll a, chlorophyll b, and 
total chlorophyll) were significantly decreased at -K and 1/2K 
levels of uninoculated plants. Tiiis decrease was due to 
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deficiency of potassium. Wallace anc Hewitt (l'^ 46) pointed 
out that deficienices of potassium, phosphorus or calcium are 
possible causes of a apparent iron deficiency in plants. A 
number of workers feel that iron is involved in the formation 
of chloroplastic protein in leaves, either directly or indirectly 
(Hewitt, 1963). The ratio of chlorophyll to iron in young 
leaves was markedly increased by increased potassium supoly, a 
finding that showed that potassium increased the efficiency of 
iron utilization in chlorophyll proauction (Bolle-Jones, 1955). 
Further aecrease in chlorophyll pigments at these levels in 
inoculated plants is obviously due to increased accumulation of 
potassium in roots and low transport to the leaves. It is also 
supported by observing a significant decrease in chlorophyll 
pigments in the leaves of inoculated plants at normal nutrient 
levels. At 2K level of uninoculated plants, a significant 
increase shows a better uptake of all the essential elements 
which caused higher production of the chlorophyll. In inocula-
ted plants, however, the chlorophyll pigments decreased in 
comparison to that at 2K level of uninoculated plants, but an 
increase, though non significant, was maintained when compared 
with control. It can also be evidenced by observing the fresh 
and dry weights of leaves which also showed a non significant 
increase at 2K level of inoculated plants, in comparison to 
control. 
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Smcill sized galls, giant cells and the nematodes at -K 
levels seems to be aue to scarcity of nutrition. V/hen potassium 
is lacking from the nutrient medium, absorption of certain 
essential mineral elements, particularly iron is inhibited. 
Deficiency of iron results in lower production of chlorophyll, 
and ultimately the photosynthdtes. Tyler (1933) postulated that 
the number of eggs laid, ano the number size, and vigor of larvae 
of root-knot nematode were affected by the nutritional status 
of the host and concluded that a healthy condition of the host 
is an important factor for the development of the nematode. It 
becomes evident when a significant increase in size of gall, 
giant cell and the nematode, eggs and egg mass production is 
observed at 1/2K level. When K increases from -K to l/2Kj,the 
elements are absorbed in a relatively larger amounts. At normal 
K level, significant increase in comparison to -K and 1/2K levels 
indicate that normal nutrient levels enhanced plant growth as 
well as nematode development. At 2K level, however, plant growth,' 
gall, giant cell anu nematode development; and production of 
eggs and egg inasses further increased. Enhanced growth of the 
infected plant and the parasite (root-knot nematode), when K is 
in excess in the nutrient medium has been reported by Bessey 
(1911), Oteifa (I9b3) Marks and Sayre (1964). At low K level 
reduced growth of infected plants and the nematode development 
has also been reported by these authors, however. Bird (1960) 
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reported an enhanced rate of development of M. i avanica on 
tomato in potassium deficient nutrition. 
Small sized giant cells and highly vacuolated giant cell 
cytoplasm 'ut -K level seems to be due to a decreased ,supply of 
nutrients of the giant cells in'comparison to consumption by 
the nematode. At 1/2K level giant cells almost completely filled 
with the cytoplams and " indicate that at this level the nutrient 
have been supplied in sufficient amounts. Dense cytoplasm, 
large sized nuclei enclosing hypertrophied, fragmenting nucleoli 
show an immense metabolic activity, probably, due to nutrient 
supply in enough quantities. 
Disruption of vessel elements was not serve at -K and 1/2K 
levels probably due to small sized giant cells and nematoces, 
whereas at IK and 2K levels hypertrophy of giant cells and 
hyperplasia in other neighbouring cells, and enlargement of the 
nematode pushed the vasculur tissue away from its normal position, 
The xylem strands became more wavy at IK and 2K elements and 
appeared as irregular patches when seen in sections. Thin 
Walled xylem elements, formation of parencymana in abunoance, 
dna production o± abnormal sieve tube elements in extra amount 
at -K and 1/2K levels were perhaps due to deliciency of pota-
ssium. In early stages of potassium deficiency, cambial acti-
vity is lost and as the deficiency progresses, xylem becomes 
parenchymatous (Nightingale _et. al,. , 1930; . Lyon and Garcia 
{19A4) observed increased seconuvixy phloem ton-i.ition JS tne 
potdbsiuiri supply aecrtased. 
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Table 2. Safranin and fast green schedule (Sass, 1951) 
Step 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Solution 
Xylene 
Absolute ethanol 
95?^  ethanol 
709^  ethanol 
505li ethanol 
3U% ethanol 
1% aqueous safranii 
rinoe in tap water 
30% ethanol 
50% ethanol 
70% ethanol 
95% ethanol 
0.1% fast green FCF 
Absolute ethanol 
Absolute ethanol 
n 0 
in 
Xylene-absolute ethanol 
Xylene 
Xylene 
95% 
(1: 
ethanol 
1) 
Time 
5 min 
5 min 
5 min 
5 min 
5 min 
5 min 
1-12 h 
-
3 min 
3 min 
3 min 
3 min 
5-30 sec 
15 sec 
3 min 
5 min 
5 min 
5 min 
a. 
i: 
O M M 
V e 
Z « 41 
01 a 
Oil) h 
01 S a 
0> 
c 
*> -o 
o c 
o 
> 
c o 
a M 
Cl. 
§ * 
X) 
M ^ 3 
O 4> « E 
• 3 U K 
N + j e o 
•rl IS 01 ^ 
§ 
^ ii 
> 
« 01 
- ^ T3 
3 C 
o 
C H 
C 3 
• c 
u 
a . 
1*. -H 
10 
•H 
o> 
o 
f lO +> 
E M O 
3 <»> 01 01 O 
Z 0 < M Q . M 
O 8 
+* 3 . 
N m iH o 
0) a V 
a o> c 
1 M <Q 
3 ifc, OP - H 
z o a a 
*> o 
£ O 
Di X 
H 10 
01 
01 
+» 
o 
o 
a: 
• H O 
01 X 
01 O 
^ 5 
e o 
o O 
0>+J 
01 O 
01 
>-< A 
•0 
'^ —^ 3 -H 
u 01 
o > C 01 
o 
^ <-> c 
o 
oo 
^ 
r-
M 
r-
o 
Ol 
h-
CD 
OJ 
O 
'-i 
CO 
•H 
•>r 
n 
O 
-H 
'»• 
^ 
r~ 
uO 
o O 
t^ 
if) 
• * 
• » 
t~-
n 
i n 
o (N 
O 
CO 
-^  
00 
• t •^  
-o 
CN 
n 
in 
M ifi 
CO 
CM 
CO 
( 0 O 
- I If) 
CM 5 b 
n 
t> 
O 
S 
• n 
o 
O 
£1 
<o 
oo 
t> 
s 
• CM 
n 
CO 
00 
• CM 
•-I 
O 
^ ^ o 
CO 
CM 
irt (^ 
^ CO 
CM o 
CM 
OO 0 0 - ^ 
O lO 01 
s 
00 
o 
CI 
CO 
oo 
•* 
• CM 
f~< 
O 
* -i 
CM 
If) 
• r~-
•* 
CM 
•» 
• h-
o 
00 
If) 
d 
CO 
00 
00 
CM 
O 
CM 
CM 
CM 
CM 
—1 
» n 
-o 
CO 
o 
CM 
'T 
r-
co 
•o 
S 3 
C3 d 
u n 
157 
158 
* 
• M 
• i£ 
• a: 
• £ 
t O 
M 
«l 
U 
»H 
u 
•a 
c v 4 
•H 
> U 
<«-• 
Oi >J| 
*> 
C 
(0 
^ a 
c 
o 
Ifl 
+> 
• H 
c 
o 
o 
u 
c 
v4 
a> 
c g 
o T3 
•n 
o 
<-i 
« z 
< M 
o 
w 
- H 
« 
> 
« 
- H 
1 
^ 3 
u 
O 
c 
• H 
+ J 
C 
a> M 
« ^ i 
"•1 
• H 
•D 
V< 
O 
+» 
U 
0) 
t t 
VM 
« 
« J= 
H 
• 
T 
41 
- H 
£1 
fi 
<«4 
o 
» 
a 
a: 
• o 
c 
« 
<«H 
ee 
f k 
!£ 
» 
- H 
01 
u 
+» 
c 
a 
• H 
CJi 
<<H 
0 
« N 
• H 
<A 
M 
« 
^ 
10 
E 
0) 
< M 
4) 
3 
+> 
<0 
e 
<4H 
o 
« N 
• H 
(0 
• o 
c 
<0 
M 
a> 
g 3 
c 
• <fH 
•o 
<0 
10 
N 
• H 
fl 
a, 
• 
M 
(0 
> 
a: 
•p H 
•H O -H 0) O 
o 01 a> 
« 3 10 
N +J S 
•H 10 « O 
wsu. 'H 
a. 
V) 
01 
<M 10 O O 6 h O 
« 01 >H 
u. a 
ro Q 
« • 
9 S* 
I I I 00 iH 
I I 
o o 
00 -H 
I I I CJ o 
• • 
ro fo 
I I I •* CN 
I I I 
QO 00 
• » 
CM 
<N 
if) 
•o 
S 
CM 
o o 
O t 
CM 
o 
+> £. 
D> 
1 
5-
a 
+ j 
£ 
CT 
• H 
* 3 
£ 
m 
? (4 
u. 
^ • ^ 
o» 
"•-x 
s ^ 
- - s 
B 
u 
s . ^ 
c 0) 
^ 
^^  
e -H 3 D. 
'H ^ ^ 
3 -H 
U HI 
o > 
c « M J 
• > 
o 
o JZ 
w 
4 * 
0 
o 
a: 
*> o 
o J : 
w 
4 * 
o 
o cc 
• p 
o 0 
i = 
o 0 
ce 
1 
t ^ 
o> 
• l O 
^ CM 
• CM 
r^  l O 
• 
o 
M 
"* t » 
• o> 
•* 
• M 
o r H 
CO 
• o 
CO 
-^  o 
M 
+> 
c 
o 
u 
CM 
o> 
• I f ) 
<«• CM 
• CM 
"H 
O 
• o CM 
r-
-o 
• o 
o 
• 
^ o 
- H 
CM 
• 
^ 
CM 
•^  
O 
-t 
<n 
o> 
• l O 
o 
^ t 
CM 
CM 
CO 
• >o CM 
CM 
0 0 
• o 
l O 
• fO 
o r ^ 
r-
• CO 
CO 
CM 
•-> 
8 
r-t 
- H 
^ 
• i f ) 
8 
• CM 
• H 
N 
• 
^ CM 
CM 
O 
• CO 
MS 
• o 
c^  
o 
• o 
ro 
CM 
*-> 
Q 
w Q 
• k 
^ 
n M 
• 
•* 
s 
• 
-* 
h -
CO 
• CM 
CM 
0 0 
N 
• t~-
00 
• s 
ro 
• 9, 
<N 
•-> 
Q 
Q Q 
« o 
^ 
^ o 
• o 
CO 
H 
• o 
CO 
- i 
• 
•><• 
r H 
CM 
• r H 
r H 
• oo 
CO 
• ro 
if) 
O 
• 1 Q. 
• O 
• t o 
• J 
s 
• o 
i n 
CM 
• o 
o 
t-
• i f ) 
<o 
o 
• - t 
- H 
• r H 
^ 
CM 
• if> 
o 
• I 
• a 
• to 
• u 
159 
«l 
•k U l 
• M 
• 
^ 
• cc 
• £ 
+» 
* o M 
' H 
M 
•o C 
v 4 
> 
u 
«>l 
< M 
<« 3 
O) -V 
+» 
c 
<a 
>-t 
Q 
c 
e 
10 
+ j 
^ c 
0 
o 
c 
• H 
0) 
c g 
o 
T3 
•»H 
O 
^ 4> 
z 
< M 
o 
lA 
r H 
« 
> 
« 
'-t 
8 
3 
- H 
3 
u 
O 
c 
• H 
•(-> 
C 
111 
M 
0) 
VM 
^ • H 
•D 
<<-• O 
4 J 
U 
01 
<4H 
<4H 
01 
0) 
£ 
H 
• i f ) 
« 
—1 
i 3 
<0 
H 
•«4 
O 
M 
o. (£ 
•D 
C 
rtJ 
<«4 
cc 
• 
s 
•b 
' H 
0) 
u 
- p 
c 
ITJ 
• H 
a> 
<4H 
o 
« N 
•H 
M 
• k 
U) 
» 
^ (0 
E 
« 
< M 
01 
3 
• M 
nj 
S 
^ o 
it 
N 
• H 
V) 
• 
•o o 
c • 
« w 
• 
J3 
§ !3 
c > 
M 
a 
cc 
<ti 
o: 
S 
^ • N 
B 
+> a 01 C ^ ^ 
N I H <S <H O 
• H O - H • - < 
w o>o ^^ 
O 0) 01 B 
U'^ 3. 
01 3 1 0 ' ^ ' 
N + i E O 
• H 10 01 ' H 
W S U , ^ 
M 0) « 
^ >*< 3 2 +J 
i O - f E M O 
3 10 01 01 O 
Z S U . Q-M 
• M 
• 
:>: 
• a: 
*» 
• P O 
£ O 
D> J= 
• H V) 
« S 
V 
> s O 
U O 
Q oe 
• p 
£ 4^ 
O i O 
• H O 
0) J= 
- C 0> 
<» v ^ - P 
41 O 
M O 
U. CC 
--% +» 
a o 
o o 
«-^ £ 
10 
• P 
C3> +J 
C O 
01 O 
- 1 cc 
a o. 3 - ^ 
3 ^ 
U 01 
O > 
C 01 
M J 
1 
1 
1 
1 
1 
1 
1 
in 
CO 
• CO 
m 
CM 
• 
^ 
<H 
r-
• N 
CJ 
CO 
N 
• N 
CN 
• 
• * 
O 
• H 
• OJ 
CO 
^ o 
• P 
c 
o 
o 
1 
1 
1 
1 
1 
1 
1 
C>4 
CO 
• CO 
O 
CM 
• 
^ 
s 
• CM 
CM 
flO 
^ 
• N 
o 
• 
• * 
o 
CO 
• r H 
CO 
CM 
•-) 
3 
in 
V 
• 
i n 
1 -
• 0 0 
r H 
in 
^ 00 
^ 
s 
• in 
s 
• o 
CO 
• CO 
—* 
w 
-^  "H 
• CO 
CO 
>H 
• r H 
00 
o 
• CM 
CM 
>o 
o 
• 
-o 
r H 
• CM 
O 
n 
• o CM 
CM 
>-> 
8 
-H 
<H 
r*. 
• 
CM 
r H 
N 
• CO 
0 0 
"4 
N 
co 
CO 
i n 
• 
^ 
i - t 
o 
* o 
0 0 
• i n 
CM 
•V 
CO 
o 
• eg 
CO 
O 
» 
-t 
CM 
- H 
• 0 0 
-* 
CO 
t 
• 
o 
• ^ 
• in 
0 0 
o> 
• 
« CM 
CM 
•-> 
§ 
o « t 
• H 
s 
• 
o 
S2 
o 
• • H 
s 
CO 
O 
>-i 
00 
^ 
• CO 
in 
CM 
« N 
' t 
• CO 
^ 
in 
o CM 
• CM 
• H 
N 
• o 
r-O 
• o r-t 
oo CO 
• 
'J-
in 
• o 
I ^ 
CO 
• 
. H 
CM 
CM 
•-> 
g Q 
«k 
O 
• ^ 
t 
1 
^ 0 0 
o> <-l 
•* o 
• O 
CM 
'-t 
• M 
h -
• CM 
^ 
1 
OO 
• * 
• o 
•o 
- H 
• o 
o CM 
• CO 
CO 
^ 
• 
^ 
CM 
• 00 
•t 
• CO 
i n 
O 
• 
<? 
Q . 
a 
• to 
• J 
1 
1 
CM 
CO 
r-CM 
CO 
CO 
• F H 
0 0 
in 
• 
-t 
•* 
• r>-
^ 
1 
CO 
<o 
• O 
CM 
CM 
• o 
O 
^ 
• 
• * 
o i n 
• 
- H 
n 
• 
-^  
' H 
o 
• 
• ^ 
^ O 
• 9 
Q . 
Q 
• 10 
• J 
180 
c 
c 
o 
c 
0 
o 
u 
6 
I 
i 
I 
c 
<4- l 
o 
« 
(0 
(0 
o 
•H 
•o 
c 
i 3 
<«4 
o 
oc 
•a 
c 
(0 
o 
c 
•rl 
N 
10 
« 
£ 
(0 
E 
1*1 O 
c 
M 
v 
i3 
E 
3 
C 
<0 
• H 
> 
• * H 
•H O A 01 
B 
O «» « 8 
41 3 « 
N +> H " * 
^ 10 0) O 
o> 
• H 
a 
U. 
Di 
S 
u 
•P 
c 
0) 
E a 
3 ^ ^ 
3 ^ 
(J 0) 
o > 
C 0) 
M _ ) 
!; 
o 
o 
o 
o 
o 
0 
I 
fO 
CM 
CM 
00 
o 
iD 
o 
CM 
o 
M 
+> 
c 
o 
o 
CM 
'^ O 
CM CM 
s 
CM 
CM 
CM 
CM 
ro 
00 
00 
CO 
00 
• 
CM 
MD 
• 
o 
fO CM O 
00 -H CM 
O O O 
^ CO ^ 
if) 
If) 
CM 
CM 
if) 
CM 
O 
N 
in 
in 
CM 
2 8 
CO 
s 
'T 
O^ 
^ -H ^ O 
CM 
in 
n 
CO 
oo 
-o oo -H 
CM 
• - > 
in 
CM 
CO 
ro in 
M 
in 
S 2 
CO 
^ 
r-
CM ^ 
CM 
• - > 
I I 
I I 
CM O 
in o> 
'^ in 
in -H 
00 Ol 
• • 
o ^ 
tH 
o 
• 
o 
in 
00 
• 
o> 
in 
CO 
• t>-
CO 
CM 
• 
o 
•o 
• 
fO 
• (^  CM 
'•i 
• CO 
'T 
t^  
• o 
m 
• CO 
^ 
o CO 
CO in 
• • 
o o 
CO 00 
• • 
o o 
•t r-
• • 
CO Tt 
0 5 CM 
O 00 
00 '-i 
i n 
CO 
i n 'H 
O o 
• • 
a a 
a 
* 
Q 
01 
131 
• 
• M 
• 
>>c 
• IT 
X 
+> S 
o 
u 
a 
+» 
c 
« M 
a 
c 
o 
10 
• f j 
^ c D 
O 
U 
c 
u 
c 
> 0 
o 
•o 
•r\ 
0 
•-( 
« 
s 
•M 
o 
10 
^ 0) 
> 
«) 
^ 
fl 
3 
3 
u 
o 
c 
•H 
• P 
c 
« M 
« I M 
t«l 
• H 
T> 
'*^ O 
+> 
u 
m 
<M 
(M 
01 
« JC 
H 
(0 
u 
•H 
h 
•o 
c 
• H 
> 
o 
<0 
<<H 
<44 
3 
U 
>H 
o 
* M 
Q. 
CC 
•a 
c 
10 
(H 
o: 
• i 
IS 
» 
i - t 
^ 
« u 
+J 
c (0 
•H 
Oi 
>•« 
O 
0) 
N 
• H 
lA 
«k 
W 
« 
^ § 
01 
<4H 
« 
^ 
• p 
fl 
E 
<4-l 
o 
01 
N 
• H 
U) 
•H 
•o c 
c ^ 10 -H 
j ; 
K O 
0> 
Xi • 
& H 
3 (0 
C > 
a. 
a: 
>4- l 
J3 
10 
H 
o> c ^ a 
N <»< (0 'HT} ' 
•H O TH 0) O 
0 0) o> e 
0) 3 10 ^t 
N +» 6 o 
f l (0 0) •-• 
w s u . - ' 
•A 
h 0) 0) 
0) M ' H Ol 
5(H d (0 -M 
1 O-P E M O 
3 (0 0) a< o 
3 -H 
U « 
O > 
C 0) 
if) •* 5 
I I o t^ O 
in 
n 
N 
00 
CM 
CM CM 
o 
+> 
c 
o 
o 
3 8 
CM 
t^ 
CM 
CN 
CM 
3 
in 
o 
1 N 
1 • * 
CM 
• iD 
in 
n 
CO 
00 
• 
•* 
S 
3 
<-t 
CM 
• CO 
00 
o 
? 
• f 
£ 
o> 
•r* 
01 
S - ^ 
C7> 
>.^ M 
Q 
+» 
£ 
o> 
• H 
01 
s 
^-s 
£ D> 
lav- * 
0) 
H 
s 
u 
v ^ 
J= 
+* Ol 
c 0) 
>J 
• 
a: 
• p 
o 
o JZ 
V) 
•p 
o 
o 
cC 
+> 
o 0 
JZ 
w 
4J 
o 
o CC 
o 
o JZ 
w 
v 
o 
o 
CC 
1 
r~ 
cs 
• n 
>-i 
• * 
• 
-H 
CO 
n t 
CM 
CM 
in 
r>. 
• o 
i n 
• 
'J-
o> 
o 
* 00 
CM 
1 
•» 
•H 
• ro 
0^ 
n 
• 
-* 
i n 
•* 
• CM 
CM 
-H 
00 
• o 
h-
• 
• * 
o 
n 
• o 
CM 
to 
i n 
o 
• n 
CO 
CM 
• 
^ 
t>-
^ 
• CM 
CM 
t CO 
• 
-o 
^ 
• 
<-\ o 
CO 
• M5 
CM 
• » 
O 
t^ 
• CM 
00 
CO 
• o 
•«r 
CO 
• s 
o 
o 
• in 
o 
• o 
oo 
oo 
• CM 
CM 
i n 
CO 
CM 
• CM 
CO 
o 
• o 
^ CO 
• o 
^ 
-o 
o 
• 
•<r 
00 
• t>-
r^  
•o 
• 00 
-i 
CM 
-o 
in 
00 
CM 
O 
oo 
Q 
CM 
00 
CM 
O 
CM 
O 
CO 
•<r 
• o 
-i 
CM 
• o 
o 
00 
• CO 
CO 
CO 
o 
i n 
• o 
o 
CM 
• 
o 
CM 
CO 
• in 
s 
CO 
• 
• 
in 
o 
oo 
• 
CN 
CO 
• 
o 
a a 
Q 
162 
CO 
(0 
• M 
• U 
« OC 
•H 
M 
•D 
C 
•H 
> 
•> m j = 
1^  
o M 
a 
V 
c (0 
•H 
a 
c 
o 
10 
+» 
•H 
c 
o 
o 
u 
c 
•H 
O' 
c 
> o 
o 
•o 
•H 
o 
l - i 
01 
s 
<t-l 
o 
lA 
^ 
« 
> 
« 
-H 
s 3 
^ 3 
u 
o 
c 
^ 
•p 
c 
«» 
<«i 
VM 
f * 
T3 
<<-• 
O 
*> U 
0) 
> « - l 
<« - l 
« 
« J : 
H 
<0 
<t-l 
<*^ 3 
>J 
<M 
O 
• t 
a 
cc 
•o 
c 10 
<M 
OC 
• t 
£ 
• k 
<-i 
^ 
« u 
+> 
c 10 
«H 
Di 
<H 
o 
« 
N 
•H 
10 
» 
-H 
(0 
s 0) 
<*4 
« 
^ 
•P 
§ 
<M 
o 
« N 
•<-) lA 
T3 
C (0 
M 
0) 
^ E 3 
C 
-H 
<0 
o 
o 
^ 
x: 
^ 
10 
u> 
•rt 
-i 
< 
• M 
10 
> 
a: 
•H o <o « o 
B 
a 
o 
o a> 0) 
0) 3 10 
N •J E 
iH <0 « W SU- >-» 
<0 
01 01 
J3 iH 3 10 +> § 0 4 > E M O 10 41 V O 
z S O , a M 
cc 
•P O 
£ O 
D> £ 
01 
> . D< O 
M <-^ O 
a cc 
•p 
o 
O 
« JS 
D> 
£ v.* 
1« •»-» 
0) O 
U O 
u. cc 
a 
c 
01 
•p 
o 
o 
Vi 
-p 
o 
o 
e a, 
3 - ^ 
3 ^ 
U 01 
O > 
C 0> 
CO 
;8 
id 
s 
in 
o 
h 
+J 
c 
8 
03 
o 
• i n 
00 
• >-t 
in 
CO 
^ i n 
• • 
CO 
• in 
a 
• o 
r^ 
N 
• 
•o 
n 
•V 
N 
• r-
n 
•^ 
r-t~-
n 
00 
-H 
# in 
»H 
O 
• o 
N 
00 
• i n 
r-
00 
• >o 
r-t 
N 
00 
-o 
• ^ 
.H 
• 
•fl^  
c> 
^ 
• 00 
o 
CM 
• o 
o 
cv 
• i H 
§ 
a CM 
o 
^ 
• CM 
•* 
rH 
• •O 
in 
in 
00 
CM 
CM 
CM 
in fo 
in 
CM 
CM 
CM 
00 
o 
00 
o 
o 
CM 
»-< 0 0 
O 00 
CM 
o 
CM 
3 8 
in in 
00 O CM CM 
00 
00 
00 
00 o 00 
-^ Q --i 
• • • 
r^ i n ^ 
00 in 
oo 
CM CM 
00 
00 
00 
CM 
CM 
CM 
I I 
I I 
00 CM 
in CO 
•O CM 
•H CM 
00 rH 
oo CM 
• • 
O " I 
o 00 
r^  
t 
oo 
oo 
rH 
• O 
• * 
00 
• o 
00 
• 00 
•-i 
CM 
00 
• O 
00 
^ 
• O 
o 
O 
i n 
• * 
o 
i n 
CM 
• o 
CM 
CM 
o 
CM 
00 
• t^ 
CM 
• 
-* 
in 
o 
• 
^ 
o. 
• 
o 
• U) 
• 
- 1 
t^ 
• O 
rH 
00 
• in 
^ 
o 
• 
<i? 
o. 
• 
Q 
• W 
• J 
163 
9) 
B 
C7I 
•D 
(0 
O 
C 
01 
3 
C 
o 
u 
(0 
E 
O 
<«i 
u> 
c 
o 
3 • 
o <o 
in O 
o 
U 
o » 
X) 
M 
« 
•a 
c 
10 
0) 
c 
o 
3 
O -H 
O 
c 
O >M 
** 
to 
u 
c 
9) 
u 
c 
o 
o a 
o 
I 
1 -
CM 
CM 
CM 
a, 
CM 
I 
z 
CM 
z 
CM 
z 
I 
Q. 
(A 
+» 
c 
3 
C 
O h 
u 
10 
S ao i f ) ^ 00 CM ' H 0 0 ^ I I I I 
CM cn r H CM ' H 
iH 00 i n •^ r 
O CM ^ 00 I I I I I 
^ n rH CM 
00 (O t 
t CM 'H 00 
O -H CM 
00 
I I 
S CO i n ^ go CM 'H 00 I O 
CM n 'H CM CM 
in 
o 
CM 
^ C M Tt X 
ro ft • 
Q CM ^ j n 2 I o 
o 
CM -O 
X >N 
CM £ 
CO 
I I 
S oo • •* CM r; CO I I I I I 
CM ro i n CM 
J ^ 
^ CM I CO I I I • * I 
CM ro CM 
S o in 5 ? 
i n "H a I I I I CO 
CM O H CM 
in 
O o r! S I o I I I 
»-< ' H i n CM -t 
S CO OO C4 • * O CM I I 
CM 'H CM Ol 
S oo in •<r CM - H 00 I I 
CM r o - ^ CM 
2 ' ^ 
CO ^ X o _ r i -< o Q 
2 " S w o ^ i o ' x <o 
* 
0) 
X 
a 
I 
lA 
10 
•o 
« 
a 
a 
3 
lA 
lA 
10 
c 
o 
i^ O :E :»{ 2 o 
E 
1S4 
0) 
T3 
(0 
M 
U 
• 
a: 
• 
<: 
v_^ 
U) 
•M 
c 
a> 
•H 
^ 
• • -> 
3 
C 
O 
^ 
o 
^ 
E 
M 
O 
«*H 
(0 
c 
o 
• 4 
+J 
3 
^ 
o 
U) 
^ 
u 
o 
+J 
u> 
T3 
id 
•o 
c (TJ 
-»-> 
U) 
<4-l 
O 
ifi 
c 
o 
•H 
+» flj 
M 
••-> 
C 
<u 
u 
c 
o 
o 
• 
o 
o 
o 
»H 
• k 
• p 
-p 
•H 
1 
ac K ^ 
c 
o 
•H 
3 
^ 
O 
(A 
«^ 
o 
<u M 
-*-> 
^ 
--( 
k 
0) 
a 
V 
j = 
CT 
MH 
« 
S 
c 
o 
•H 
+J 
^ 3 
+> O 
O 
• 
CM 
CN 
if) O 
> • 
CM CM 
C> 
ro 2 o 
(0 
•p 
c 0) 
h 
• p 
3 
C 
o 
M 
o 
•H 
o CM 
I 
"^ 
• 
' t 
o CO 
c 
:S 
o CM 
ac i f ) 
• 
• ^ 
o 3^ 
u 
o CM 
X 
t^ 
• 
t 
o to 
c N 
CO 
O 
03 
n 
X 
o CM 
X 
"«f 
CM 
O 
h-
o 
S 
o 
^^ 
"^  
v ^ 
^ 
o 
(0 2 
o CM 
X 
O 
• 
- t 
o CO 
o o 
0) 
JQ 
165 
<0 
T3 
C 
o 
2 
o 
c 
o 
I3> 
O 
s> 
ii 
°i 
•o 
c 
01 
0) 
x: 
C 
to 
to 
B 
Ol 
Ol 
0) 
M in 
01 1/1 
a (0 E 
in 
Ol Ol 
Ol Ol 
01 0; 
Ol in M 
Ol 10 0; 
V e a. 
Q at <u e 
m 3 iTj ^ 
N +J 6 O 
^ (0 Q) ^ 
w 6 i*< •— 
41 C -H i 
N fO ^ ^ 
•H -H 41 O 
M 0 > 0 '-f 
0) -H CM 
N 10 g 
•H Ol E 
to >^ 
10 
Ol - J 
v e 
J : 4) 
•H W 
41 
X 
>" 2 
n o 
0> nJ 
v ^ 4) 
- 1 
•»-> 
Ol 6 
.H 41 
01 +J 
41 O 
In O 
IV -4 
i n CM 
• • 
o o 
00 
CM 
t v CO 
CO 
o 
CM 
if) 
if) 
Ch 
•<r d if) CM 
^ -O "H 00 
^ W^ CO 
>o 
in 
CO 
•o 
00 
• c> rH 
If 
CO 
lv 
(O 
• o 
in 
a 
^ 
Tf 
Ck 
• in 
^ 
CO 
J^ 
•*^ 
n 
<H 
• 
^ CM
-H 
in 
^ 
<^ 
CM 
• 
—( 
CO 
O CM 
fO 
o 
• 
-H 
00 
in 
CO 
w 
IT 
CM 
O 
00 
c> 
o 
CO 
o. 
o 
6 
•o 
00 
00 
Ol 
d 
CM 
6 
to 
ro 
i n 
CM 
i n 
d 
O CM 
CD W 
CM 
o> in 
o 
in 
ro 
o t v CO O l 
CO 
O 
CM CM CO i n 
• J O. t v ^ Q '-^ 
if) CM t O •* CM 
• » • • • • • • • 
o o o o o o o o o 
oo 
o 
CM 
d 
S in o • H CM 
C> CM 
o> 
00 
o 
CM 
O 
CM CO 
in 
00 
s 
•<f 
•-t 
CO 
—t 
in 
CM 
CM 
in 
•o 
•o 
ro 
rH 
00 
-o 
CM 
CM 
i n 
Ol 
o 
10 
41 
a 
T3 
C 
(0 
o 
o 
r. 
C71 
c 
41 
•<r 
in 
CM 
•<r 
CM 
IV 
in 
Ol 
CM 
CM 
in 
CM 
o 
CM 
o 
tv 
» 
o 
CM 
r-
in 
in 
00 
CO 
00 
00 
'-\ 
'J-
o 
d 
CM 
•<r 
o 
M3 
d 
CM 
Ch 
in 
ro 
o 
tv 
•p 
c 
2 
o. 
a. 
2 
CM 2 
CM 
CM 
CM 
CM 
CM 
+ 
z 
I 
CM 
CM 
+ 
CM 
CM 
CM 
+ 
a 
z 
CM 
in o 
d 
II 
a 
o 
d 
II 
Q Q 
i3 a 
Ififi 
o 
x: 
a 
-0 
c 
o 
> 
o 
o 
a. 
^ 
o 
-H 
in 
-o CK 
S 
o 
CN 
in 
r^  
r-
f) 
n 
h-
m 1^ 
fO 
o 
^^  
00 
o (-7 
in 
() 
^ 
in 
t^ 
^ 
-o 
f) 
c^  
>e 
X - 1 
i-i 
o 
00 
oo 
in 
(N 
CO 
CM 
in 
c 
o 
a. 
2 
O - I 
CO 
in 
in 
o 
n 
o 
r-
(N 
00 
•o 
H 
I -
s 
in 
CO CO 
00 
O - I ' ^ 
00 
3 
o -o 
cN i n 
-H I f 
CO OJ 
O 
CN 
fo 
O CN 
CM 'H 
CO 
O 
-H 
?; 
T 
o 
X 
-t 
CN 
OO 
CO 
C-4 
CO 
• o 
rH 
o 
!zJ 
-H 
o 
CM 
5 
o -< 
.H 
(N 
in 
o 
<i 
CM 
•t 
(J) 
n 
^ lO 
o 
•>f 
> o 
o 
o 
u 
CO 
o 
CM 
§ 
V 
QO 
in 
CM (O 
CO 
•<f 
m 
oo 
in 
CM 
i n 
o c> 
in 
c> 
o 
CO 
oo 
c^ 
O 
o 
CM 
O 
O 
CO 
n 
00 
in 
oo 
O 
CM 
CD 
CM 
O 
in 
00 
O 
CM 
o 
o 
5 
r--
O 
CM 
in ^ I- c^ 
00 CM • * C> 
n « i-( w 
^ ^ O O 
•o 
O 
CO 5 —I 
O O t 
O ' - ' ^ 
CM 
o 
3 O 
o d 
o 
o 
d 
o 
o 
^ - { 
a. 
H^ 
-; CM 
^ 
a. 
^ 
z 
CM 
CM 
CM 
+ 
^ 
cu 
'-I 
2: 
--4 
CM 
>-) 
o 
8 CN
+ 
VL. 
^-i 
1 
CM 
+ 
y 
P. 
H^ 
-^CM 
CM 
•o 
O 
R CM
+ 
a. f-t 
z 
CM 
in 
o 
o 
II 
Q. 
n 
!] 
o 
C2 
II 
o. 
n 
3 
IB 
XI 
s 
o 
C 
o 
o 
-C 
a 
o 
a 
(V 
-C 
»3 
e 
1' 
6 
3 
C 
113 
£ 
HI 
o 
M (U 
a fc= 3 
2 
M U) 
OJ U) 
a (0 
g 
lA 
CTi Di 
C71DI 
01 a> 
(0 
6 +> 
c 
O i QJ ^ 
4J o. a 
0 a) 0) --N 
1 3 10 a . 
N -(J e •^ 
• H t ^ 4J O 
M O i O ' - I 
O 13 
a> CN N a; e 
10 •P --^ 
Ol - J 
•H to 
<SI 
^^ o 
0> 10 
en e 
0) O 
M O 
u. a: 
6 -P 
o O 
-^ o 
JZ 
JC to 
+ j 
Ol 
c 
11 +> 
- J O 
o 
a: 
00 
if) 
d 
CO 
iD 
lO 
CM 
00 
•o 
o 
•<9-
00 
if) 
CO 
If) 
ift 
CN 
o> 
• * 
•H 
t » 
n 
cs 
o 
o^ 
CN 
[NJ 
>o 
n 
to 
•<t 
o to 
3 
n 
-o 
CO 
M 
•o 
CO 
^^  
'T (N 
CJ 
CN 
^ 
CN 
if) 
00 
o 
•H 
O 
(O 
ro 
cs 
r-( 
Oi 
o 
o 
If) 
o 
-^  
• "J -
00 
• O 
o 
if) 
if) 
CO 
-o 
03 
00 
CM 
CM 
e> 
• t 
CM 
00 
CM 
03 
CO 
o 
if) 
CO 
o 
CM 
in 
CO 
CM 
O 
if) -^ 
in CO o if) 
o 
CO 
CM 
CM 
OO 
CM 
c^ 
CM 
i n 
If) 
-< o 
o 
1^ 
if) 2 a 
O -I 
CVJ 
^ ^ 
1 
a, 
CM 
CM 
CM CM 
+ + 
z z 
CM 
•-) 
CM 
+ 
o, 
CM 
O , 
CM 
i n 
o 
* 
o 
II 
a, 
CM 
o 
o 
d 
ro 
00 
in 
o 
•0 
i n 
CO 
<o 
CM 
O 
i n 
-* 
t~-
tH 
CM 
I f 
i n 
o CM 
i n 
<i 
o n 
o 
« 8 
•<r 
o CM 
GO 
i 
CM 
i n 
^ 
i n 
CO 
1^ 
CD 
W 
CD 
• o 
c^  
(»-CM 
o 
•n 
o 
• CM 
in 
(^  
o 
en 
o 
d 
II 
157 
a a 
13 i3 
1B8 
c. 
•u 
c 
o 
a 
o 
a 
I/) 
o 
01 
o 
3 
o 
a 
o 
E 
K 
10 
>« 
(^  4-4 
a; 
<K 
JC 
1 -
'!-> 
c 
a> 
• f j 
c 
o 
<J 
c 
« p 
••-> 
HJ 
(V 
• * 
o 
o 
CO 
•<f 
•<r 
fN 
O 
r~-
o 
t^ 
U 
o 
r-
t--
r-
•<r 
n 
.-H 
•<r 
• ^ 
t^ 
iH 
oo 
o 
Ol 
rH 
o> 
-o 
•-i 
M .H O 
on 
n 
r^ 
CN 
if) 
if) 
oo 
• ^ 
o 
ro 
1 
if) 
O 
n 
8 
• ^ 
-H 
•O 
in 
^ 3 
in 
in 
o 
•o 
n 
^^  
CN 
If) 
•-H 
•o 
00 
CO 
8 
.-< 
0 0 
CN 
CO 
-H 
If) 
o 
CO 
n 
CN 
^ 
o 
CO 
-H 
CN 
o 
r) 
^ 
c> 
if) 
<H 
o 
CN 
n 
^ 
i n 
n 
rH 
n 
o 
i n 
o 
CN 
--* 
CN 
00 
n 
O 
^^  
8 
<-i 
i n 
o 
i n 
c^  
^H 
•o 
i n 
^H 
i n 
CO 
• o 
0 0 
o 
o 
i n 
o 
s 
o 
s 
CN 
o 
0 
O 
CN - H 
f O CN 
c^  
O 
CO s 
CN 
CO 
d .^  
CO 0 0 
CN •<r 
CO 
o 
o 
i n 
n 
o 
CN 
00 
s. 
CO 
c>i 
o -< 
CN 
s 
00 
1?) O 
CN - I i n CN 
o ^ ^ ^ in o c*) in CO 
in 
in 
i n 
o 
i n 
lO H 
8 ? 
00 
i n 
o 
CN 
o 
in 
00 
Si 
o 
CN 
00 
n 
O 
O - I 
a. 
Q . 
CN 
a. 
CN 
CN 
I-) 
+ 
CN 
+ 
a 
CN 
CM 
+ 
0^ 
CN 
? 
i n 
CM o 
s 
d 
s 
o 
i n 
CN 
i n - • 
in in 
o 
d 
in 
o 
d 
II 
a, 
Q Q 
s 
169 
T3 
C 
10 
c 
• H 
3 
2 
I 
I 
13 
C 
•0 
o 
a 
O M 
a; 
r. a 
s w 
O D> 
Di 0) 
C <»4 
O O 
I 
Ti 
C 
Oi 
a. 
u. 
<a 
a 
e 
3 
c 
<u 
H 
h I/) 
0) in 
a «3 
e 
0) 01 
o w e 
W ID 
IP e a 
C31 M 
Dill) 
«i a 
o 0) 0; £ 
0) 3 (U 5}-
~ •»-> £ o 
10 B >*^  -_^ 
o e 
+> a. 
a) c-^•>^• N n! w o 
•H -ri Q> >H 
10 Ol U — ' 
O 
•H m g 
M Oi ^ ^ 
•i-> e 
x: d) 
•H (/) 
V 
>. o 
M O 
a OS 
01 
• H 0) 
a> -fj 
in *J 
01 O 
M O 
e *> 
o o 
-^ o 
• C U ) 
•p 
C3> 
c 
J O 
o 
DC 
c 
E 
• J 
IB 
01 
h 
O 
h 
+> 
C 
o 
in 
1^  
CM 
CM 
lO 
^ 
o 
—1 
<N 
^ 00 
n 
•o 
in 
if) 
h-
o 
CD 
O 
o 
if) 
•o 
oo 
in 
.H 
00 
o 
CO 
lO 
CO 
CO 00 in 1^  
• • 
o o 
I 
a. 
2 
CN 
2 
C4 
(N 
+ 
I-) 
CM 
1-) 
CN 
+ 
CN 
CM 
1 
(X) 
r-
o 
o 
CO 
O 
CM 
•O 
O 
lO 
CD 
OO 
00 
o 
o> 
If) 
p> 
o 
' 
o 
—( 
o 
m 
n 
• O 
t^  
CM 
o 
if) 
•* 
CM 
c^  ir 
CO 
•<r 
^ 
fO 
1 
CM 
CO 
O 
8 
• o 
o 
•* 
o 
00 
•-I 
t 
CM 
n 
in 
r) 
-H 
•<r 
1 
-1 
o 
* 
-H
CO 
O' 
O 
o-
t^  
o 
o CO 
• 
^ 
C> 
•o 
• O 
—1 
lO 
CN 
OD 
•O 
00 
n 
-H 
in 
o 
00 
in 
O 
in 
CD 
O 
o 
n 
o 
r-
•-I 
<i 
n 
c^  
00 
n 
Oi 
00 
o 
o 
'T 
CM 
• o 
00 
CO 
O 
-o 
o 
^ 
CO 
o 
CM 
CO 
o 
• « • 
r-
R 
rH 
CM 
O 
*~i 
n 
O 
s 
O 
s 
• CM 
in 
r-l 
r> 
•t 
o. 
in 
t 
in 
•<r 
> 
o 
-o 
r^  
O 
§ 
o 
CM 
t^  
00 
o 
O 
00 
CM 
00 
O 
•V 
in 
r-t 
CM 
o 
o 
CM 
O 
CM 
CM 
• o 
O 
CM 
CM 
CM 
CO 
CM 
CO 
—1 
CM 
CM 
r~ 
oo 
CM 
O 
in 
n 
O 
o 
m 
o 
-o 
o 
n 
'^  oo 
n 
in 
r» 
CM 
o 
d 
in 
o 
o 
II 
^ o a 
5 !3 3 
170 
SI 
a. 
en 
o 
c 
o 
o 
HI 
c 
sz 
H 
(0 
o 
^^ i - t 
01 o 
'^  \-
oi 
en 
e 
rH £3 
a o 
o 
i« 
M 
•*-» 
c 01 
s 
*J 
to 
u 
^ H 
o 
^ •!-> 
c 
o 
u 
^ .H 
a, 
•-i 
z 
CO 
in 
8 0 ( CM OO CO 
t^  ^ r- CM 
o 
CO 'H 
Tj- 5 n 
^ CO Q 
If) -o in 
O -H ^ 
00 
in 
in 
CM 
CM 
03 
n 
CO 
00 
lO 
c^ 
n 
c^ 
CM 
in 
CD 
•O 
00 
CO 
I -
0 3 
CM o 
0 0 - H 
T j C> 
0 0 
CO 
>o -i 
If) ^ 
f O CM 
in 
CO 
CM 
n 
o CM 
D 
O 
O 
m 
i n 
o 
•o 
Ol 
-n 
o 
o 
en O 
0» 00 ^ 00 
r~ CM in O 
o r- '^ CN 
• • • • 
O -H O O 
•H O 
CM 
a. 
CM 
CM 
+ 
CM 
CM 
+ 
I 
a. 
2 
CM 
CM 
+ 
CN 
a. 
—I 
CM 
o 
d 
II 
00 
o 
CM 
O 
10 
3 
M 
O 
a 
i/i 
o 
J : 
o. 
N « ^ 
C 
01 
0 
^ +J 
^ z 
6 
a> 
• p 
U3 
+• 
o 
o CC 
V l 
E il> 
+> 
w 
+J 
0 
o 
o 
-H 
*-( 
o 
r^  
i n 
CM 
o 
CM 
o 
r-
^H 
CM 
n i n 
o 
•o 
^ o 
s O 
—1 
o 
•o CM 
CM 
» o 
in 
•>}• 
n 
^ 
i n 
CO 
•>T 
o 
^ oi QO 
CO 
O 
—1 
o 
^ 
•* M 
• o 
•O 
CO 
in 
-t 
in 
• » 
• * 
o 
fO 
o CO 
fO 
CO 
>-( 
o 
.-( 00 
CM 
• o 
r-
-i 
CO 
t - i 
> 
CO 
i n 
o 
to 
p-
o 
o 
o 
w 
o 
f 
h-
CM 
o 
•O 
00 
in 
•H 
CM 
O 
• * 
o 
i n 
3 
•o 
CO 
o 
o 
w 
* CM 
o 
i n 
•n 
o 
r - ( 
^ 
i n 
CO 
o 
-o 
• * 
CO 
in 
o 
o 
o 
<>• 
•* CM 
o 
00 
ro 
'^  
—t 
c^  
OO 
CO 
• O 
•* in C^ 
O i 
O 
'^  
O 
in 
o> 
c^  
• o 
-o 
in 
• t 
—< 
i n 
CM 
-t 
6 
05 
M 
^ 
o> 
8 
O 
n 
-H 
O 
• O 
(O 
» -H 
O 
(0 
N 
O 
• o 
CM 
03 
O 
CM 
--t 
o 
o 
ao 
H 
CD 
d 
c^  
i n 
CM 
o 
o 
OO 
o 
d 
o 
-H 
^^  
o 
d 
II 
a a 
53 !3 
O 
d 
c 
•0 
Fig. 1. Showing intercellular migration and point of entry 
of the nematode (N). A = Compressed cells alonq the 
body length (Longitudinal Section, 24 h after inocu-
lation} . 
Fig. 2. Showing migration of the nematode (N) towards the root 
tip. (L.S., 24 hai). 
Fig. 3. Showing damaged cells (B). (L.S., 24 hai). 
Fig. 4. Showing passage (P) made by the juvenile. (L.S. 
24 hai). 
Fig. b. Showing hypertrophied and binucleate cells (C) along 
the nematode body (N). (L.S., 24 hai). 
Fig. 6. Showing hypertrophied cells with dividing nuclei (E), 
and wall separation (F) in front of the nematode head. 
U.S., 24 hai). 
Fig. 7. Showing 4-nucleate hypertrophied cell (D) near the 
nematode body (N;. (L.S., 24 hai). 
Fig. 8. Showing hypertrophied nucleus with two hypertrophied 
nucleoli (Gj, and a differentiating vessel element. 
(L.S., 24 hai;. 
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Fig. 9. Showing nematodes (Nj in protophloem region. 
(Transverse Section, 24 hai). 
Fig. 10. Showing nematode head in protophloem region, 
S = sieve tube elements. (L.S., 24 hai). 
Fig. 11. Showing hypertrophied metaxylem vessel element (v; 
near the giant cell Cgcj. (L.S., 48 hai). 
Fig. 12. Showing giant cells (gc) with a large central vacuole 
and parietally distributed cytoplasm. A = small 
parenchyma cells, B = cells between the giant cells 
and the protophloem. (L.S. 48 hai). 
Fig. 13. Showing nematode head CNj in a giant cell having 
hypertrophied nuclei (n;. (L.S., 72 hai). 
Fig. 14. Showing abnormal vessel elements (AV) enclosing 
nuclei. (L.S., 72 hai). 
Fig. 15. Showing endodermis (e) and multilayered pericycle (p) 
(L.S., 72 hai). 
Fig. 16. Showing giant cells (gc) connected with phloem. 
S = sieve tube elements. (L.S., 72 hai). 
jEm 
^ 
9 
11 
10 
12 
13 
15 
U 
16 
V 
1 / 
. '^ V / 1 0 
Fig. 17. Showing abnormal vessel elements (AV); nematode (N) ; 
and patches of vascular strands. (L.S., 6 day 
after inoculation). 
Figs. 18, 19 and 20. Showing disorientation of xylem strand 
in a 6 day old gall. (L.S,). 
Fig. 21. Showing a single large nucleolus or many small 
nucleoli in the nuclei (n). Sieve tube element 
ending near the giant cells. (L.S., 6 dai). 
Fig. 22. Showing an abnormal vessel element and gradually 
increasing width of normal vessels. (L.S., 6 dai). 
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Fig. 23. Showing a giant cell cluster. (L.S., 6 dai). 
Fig. 24. Showing sieve tube elements (s) adjacent to the 
giant cells. (L.S., 6 dai). 
Fig. 25. Showing sieve tube elements (s) and abnormal vessel 
elements near the giant cell. (L.S., 6 dai). 
Fig. 26. Showing 9 day old gall in L.S. 
Fig. 27. Showing formation of reticulate (A), scalariform (B) 
and spiral (C) vessel elements. (L.S., 9 dai). 
Fig. 28. Showing a giant cell with extremely dense cytoplasm. 
L.S,, 9 dai). 
Fig. 29. Showing abnormal vessel elements (AV) arising from 
hypertrophied parenchyma cell near the giant cell. 
(L.S., 9 dai). 
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Fig. 30. Showing sieve tube elements (P) of irregular shape 
and size, near the giant cells. (L.S. 9 dai). 
Fig. 31. Showing transformation of abnormal vessel elements 
(AV) from parenchyma cells near to and away from the 
giant cell. (L.S. 9 dai^. 
Fig. 32. Showing a nematode (N) with its tail outside the 
plant and inducing giant cell. (L.S., 12 dai). 
Fig. 33. Showing transformation of parenchyma cells into 
abnormal vessel elements in between the giant cell 
and the xylem strand. (L.S., 12 dai^. 
Fig. 34. Showing sieve tube elements near the giant cells 
(L.S., 12 dai). 
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Fig. 35. Showing abnormal vessel elements around the giant 
cell cluster (L.S., 12 dai). 
Fig. 36. Showing sieve tube elements (?; passing around the 
giant cell cluster. (L.S., 15 dai). 
Fig. 37.and 40. Showing giant cells and nematode (L.S., 18 dai). 
Fig. 38. Showing abnormal vessel element (A) originating from 
empty giant cell (L.S., 15 dai). 
Fig. 39. Showing giant cell formation in the cortical region 
near the root-let. (L.S., 18 dai). 
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Figs. 41 and 42. Showing nematode and giant cell cluster. 
(L.S. 24 dai). 
Fig. 43. Showing abnormal phloem (P^ near the giant cells and 
the nematode head (L.S., 24 dai). 
Fig. 44. Showing sieve tube elements (P) pushed outward due 
nematode development (L.S., 27 dai). 
Fig. 45. Showing an empty giant cell transforming into 
abnormal vessel element (AV). (L.S., 30 dai). 
Fig. 46. Showing secondary infection; freshly hatched juveniles 
(J) feeding on old giant cells. (L.S., 30 dai). 
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Fig. 47. Showing giant cells of different shapes and sizes. 
(L.S.). 
Fig. 48. Showing giant cell cluster in one parenchyma ray at 
low inoculum level (T.S.). 
Fig. 49. Showing giant cells and mature females in all the 
parenchyma rays at high inoculum level. (L.S.). 
Fig. 50. Showing large sized giant cells with dense cytoplasm 
at lower inoculum level. (L.S.). 
Fig. 51. Showing small sized, almost empty giant cells at 
higher inoculum level. (L.S.). 
Fig. 52. Showing abnormal vessel elements around the giant 
cells a high inoculum level. (L.S.). 
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Fig. 53. Showing abnormal phloem (P) near the giant cells at 
high inoculum level (L.S.). 
Fig, 54, Showing dead nematode and necrotic area (A) in a 
young root of variety Faizabadi (L.S., 12 dai). 
Fig. 55, Showing dead mature female near the giant cells in 
varity Faizabadi (L.S., 30 dai). 
Fig. 56, Showing a mature female with empty egg sac in 
Faizabadi root (L.S,, 40 dai), 
Fig. 57, Showing a transverse section Faizabadi root. 
Fig, 58. Showing a transverse section of Ghiya root. 
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Fig. 59. Showing a transverse section of Chikni root. 
Fig. 60. Showing a transverse section of Aligarh local root. 
Fig. 61. Showing enormous amount of xylem near giant cells 
in Aligarh local root (L.S.). 
Fig. 62. Showing wider sieve tube elements near the giant 
cells in Faizabadi roots (L.S.). 
Fig. 63. Showing dense giant cell cytoplasm with large 
nuclei in roots at IN IP IK. 
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Fig. 64. Showing developing nematode at -N level (L.S.). 
Fig. 65. Showing mature female without egg mass, and large 
sieve tube elements (L.S.). 
Fig. 66. Showing hypertrophied nuclei (n) and fragmenting 
nucleoli (nu) at 2N level (L.S.). 
Fig. 67. Showing large giant cells with dense cytoplasm at 
2N level. (L.S.). 
Fig. 68. Showing mature female with egg mass (em) at 2N level 
(L.S.). 
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Fig. 69, Showing mature females with empty egg sacs at -K 
Level, (L.S.^. 
Fig, 70, Showing mature females with egg masses or with empty 
egg sacs at 1/2K level, (L,S.), 
Fig. 71. Showing abnormal sieve tube elements and parenchyma 
cells near the giant cells at -K level. (L.S.). 
Fig. 72. Showing dense giant cell cytoplasm and abnormal 
xylem near the giant cells at 2K level. (L.S.). 
Fig. 73. Showing abundant parenchyma with large intercellular 
spaces near the giant cells at -P level. (L.S.). 
Fig. 74. Showing small sized parenchyma cells and sieve tube 
elements at -P level, (L.S.). 
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